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FREDERICK DEFOREST HEALD, 1872-1954 


George W. Fischer 


Frederick DeForest Heald, plant pathologist, my- 
cologist, botanist, and in all a scientist, died in Spo- 
kane, Washington, April 24, 1954, at the age of 82. 
He had been Professor Emeritus since his retirement 
in 1941 from the position of Plant Pathologist and 
Professor of Plant Pathology in the Agricultural Ex- 
periment Station and the College of Agriculture and 
Head of the Department, at the State College of Wash- 
ington. He retired with an enviable record of pro- 
fessional achievement which had long since won him 
international renown. 

Dr. Heald was born on July 23, 1872, at Midland 
City, Michigan, the son of Henry Francis Heald and 
Hettie Charles Heald. He graduated from the Uni- 
versity of Wisconsin with the B.S. degree in 1894 and 
with the M.S. degree in 1896. Following a year of 
graduate study in plant physiology and plant pathol- 
ogy at the University of Leipzig, he received the Ph.D. 
degree in 1897. 

His first professional position (1897-1903) was that 
of Professor of Biology at Parsons College, Fairfield, 
Iowa. In 1903 he was appointed Adjutant Professor of 
Plant Physiology at the University of Nebraska and 
in 1905 Associate Professor of Botany and Botanist of 
the Nebraska Agricultural Experiment Station. In 
1906 he was promoted to the rank of Professor of 
Agricultural Botany. In 1908, Dr. Heald moved to the 
University of Texas as Head of the School of Botany. 
In 1912 he went to work for the State of Pennsylvania 
and the U. S. Department of Agriculture as Plant 
Pathologist, investigating biological factors involved 
in the serious chestnut blight epiphytotic. His con- 
tributions to the knowledge of the life history of the 
pathogen and means of spread of the disease undoubt- 
edly led to his appointment in 1915 as Professor of 
Plant Pathology at the State College of Washington 
and Plant Pathologist in the Washington Agricultural 
Experiment Station. 

By now Dr. Heald was so thoroughly convinced of 
the importance of the field of plant pathology that he 
was able to persuade the college administration to 
create a separate department. This was accomplished 
in 1918 and it is entirely logical that this tremendously 
energetic and courageous man was installed as head 
of the new department. 

In 1899, Dr. Heald married Nellie Townley. Much 
of his outstanding professional development can be at- 
tributed to the constructive and balancing influence of 
this brilliant woman. From this marriage came three 
children: Doris Heald Tonge, Henry Townley Heald, 
and Marion Heald Shebasta. Mrs. Heald died in 1939. 
In 1942 he married Charlotte Chamberlin. She and all 
three children survive him. 

Dr. Heald’s first contribution in plant pathology 
came in 1905 and from this point on, his papers dealt 





FREDERICK DEFOREST HEALD, 1872-1954 


almost exclusively with plant pathology and mycology. 
After 1915 his publications reflected 2 predominant 
fields of interest: cereal smuts, and storage decays of 
pears and apples. In 1926 the first of two editions of 
his Manual of Plant Diseases appeared. This book 
served a very great need and quickly became the plant 
pathologist’s “Bible” because it was a scholarly and 
exhaustive reference book for so many plant diseases. 
He later wrote /ntroduction to Plant Pathology, a 
shorter version adapted to single-term classes. In 
1941 he collaborated with C. S. Holton in the publica- 
tion of Bunt or Stinking Smut of Wheat (A World 
Problem). Dr. Heald is author or co-author of more 
than 120 scientific papers, bulletins, etc., covering a 
period of 45 years. He also served as special editor 
for the second edition of Webster’s International Dic- 
tionary. Dr. Heald was a member of various scien- 
tific and professional societies. He was President of 
the American Microscopical Society in 1912 and of the 
American Phytopathological Society in 1932. He was 
an associate editor of PHyTopaTHOLocy for 8 years. 

Dr. Heald’s influence has been pronounced pro- 
fessionally through accomplishments in research, in 
teaching, and in scholarly writing. Also, the per- 
sonality and drive of the man himself has had no small 
influence on his students and associates. His students 
are impressively in agreement on his ability as a teach- 
er. They are well distributed in responsible positions 
and their performance has attested the high quality of 
the teaching and direction they received. 
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THE USE OF PATHOLOGICAL TECHNIQUES TO DISTINGUISH GENETICALLY 
DIFFERENT SOURCES OF RESISTANCE TO CROWN RUST OF OATS } 


M. D. Simons? 


SUMMARY 


The reactions of 13 resistant varieties and strains 
of oats to different races of crown rust under dif- 
ferent environmental conditions were observed in 
order to study the possibility of distinguishing be- 
tween previously known and new genetically distinct 
sources of resistance by the use of certain patho- 
logical techniques. 

The resistance to race 202 of seedlings of Land- 
hafer and P.I. numbers 185663, 185785, and 198227, 
grown in sand culture furnished with a nutrient 
solution high in nitrogen and held at high tempera- 
tures, was broken down sufficiently to differentiate 
these selections as a group distinct from all others. 

Reactions to 6 races of crown rust indicated that 
the genes involved in the crown rust resistance of 
Silva Selection and of P.I. numbers 186603 and 
189624 differ from those of other varieties and 


strains studied, and probably represent a higher 
degree of resistance. The use of a number of 
different races of crown rust also indicated that 
P.I. 186610, similar to Victoria in many respects, 
is resistant to some of the common races that attack 
Victoria. 

Certain races appeared to be more effective than 
others in differentiating varieties by the detached- 
leaf culture technique. 

Maleic hydrazide 30, at a concentration of 0.35 
per cent, completely suppressed crown rust develop- 
ment on all varieties and strains tested except 
Victoria and P.I. 186610, in which it induced a 
susceptible reaction. DDT had little or no effect 
on the reactions of any of the varieties or selections 
to 5 races of crown rust. 





The most important means of controlling crown rust 
of oats, caused by Puccinia coronata Cda. var. avenae 
Fraser & Led., is to breed resistant varieties. The 
success of this method depends on the availability of 
good sources of resistance. At present, there are only 
a few known genetically different sources of resistance 
to the common North American races of crown rust. 
New genes for resistance would be highly desirable. 

When material of unknown parentage is found to be 
resistant to the common races under normal conditions, 
the investigator is immediately faced with the problem 
of determining whether the genes involved differ from 
those of previously known sources of resistance. 
Genetic studies provide the surest answer, but require 
much time and labor, and the task becomes increas- 
ingly difficult as more resistant varieties are discovered. 
Morphological comparisons of the new variety with 
the known varieties or selections are sometimes helpful, 
but are not conclusive. This investigation was under- 
taken to study the practical application of certain 
pathological approaches to the problem of distinguish- 
ing among different gene complexes involved in 
resistance to crown rust. 

Peturson (16), Murphy (13), and Simons (17) 
independently studied the reactions of various varieties 
of oats in the seedling stage to different races of crown 
rust at different temperatures. Their data indicated 
that the reactions of certain varieties were not greatly 


¢ 


1 Accepted for publication February 28, 1955. 

Cooperative investigation between the Field Crops Re- 
search Branch, Agricultural Research Service, U.S. Depart- 
ment of Agriculture, and the Iowa Agricultural Experiment 
Station. Journal Paper No. J-2665 of the Iowa Agricultural 
Experiment Station, Ames, Iowa. Project 1176. 

2 Plant Pathologist, Field Crops Research Branch, Agri- 
cultural Research Service, U.S. Department of Agriculture. 
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influenced by temperature, regardless of the race that 
was used. The reactions of other varieties to certain 
races, however, varied considerably at different temper- 
atures. In general, where reactions varied with temper- 
ature, the more susceptible reactions were observed at 
the higher temperatures. 

Pantanelli (15) and Gassner and Hassebrauk (7) 
reported that certain varieties of oats when supplied 
with nutrient solutions high in nitrogen were somewhat 
more susceptible to crown rust than when the solutions 
contained moderate or low quantities of nitrogen. 
Another possible means of distinguishing differences 
in resistance has been suggested by Browning (2, 3), 
who showed that certain varieties of oats normally 
resistant to a given race of crown rust were susceptible 
to that race when inoculated leaves were detached and 
supplied with 2 per cent glucose or sucrose solutions. 

Livingston (12) reported that the diethanolamine 
salt of maleic hydrazide, sprayed on wheat at a con- 
centration of 0.1 per cent, resulted in an increase in 
the size of pustules of leaf rust. Bromfield and Peet 
(1) showed that wheat seedlings treated with maleic 
hydrazide were consistently more susceptible to stem 
rust than were nontreated seedlings. The insecticide 
DDT (dichloro diphenyl trichloroethane ), when applied 
as a spray to the leaves of Khapli emmer, caused this 
variety to show susceptibility to certain races to which 
it is normally resistant (1, 8, 10). 

MATERIALS AND METHODS.—The varieties of oats 
used in this study included 5 previously known sources 
of resistance (Landhafer, Santa Fe, Trispernia, 
Bondvic, and Victoria). Lines chosen as_ possibly 
representing new sources of resistance (Silva Selection, 
and P.I. numbers 174513, 185663, 185785, 186603, 
186610, 189624, and 198227) were selected on the basis 
of preliminary field and greenhouse tests made in 
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1952. P.I. 174513 and 198227 have been 
reported by other investigators to be resistant under 


field conditions (4, 9). Cultures of the 6 races of 


numbers 


crown rust used were designated as follows: race 202, 
stock culture no. 2; race 203, stock culture no. 7; 
race 205, stock culture no. 1; race 216, stock culture 
no. 16; race 258, stock culture no. 8; and race 263, 
stock culture no. 18. Each of the first 5 cultures was 
increased from a single uredium. The culture of race 
263 was increased from a field collection. Techniques 
of inoculation, isolation, and increase of crown rust 
races, and notation of reaction type were similar to 
those described by Murphy (13), and Finkner, Atkins, 
and Murphy (5). 

REACTIONS TO VARIOUS RACES OF CROWN RUST UNDER 
NORMAL CONDITIONS.—The varieties and selections used 
in this study were all resistant to the common crown 
rust race 202 under normal greenhouse conditions, 
where the plants were grown in ordinary potting soil 
at temperatures of 70°-75°F during the period from 
October to March. However, the term “resistant” 
simply means that few or no spores are produced, and 
includes a number of readily distingiushable reaction 
types. 

The use of additional races, particularly rare or 
unusual races, increases the chance of distinguishing 
among different genes for resistance, by production of 
differing types of resistant reactions. There is also 
the possibility that some of the selections under con- 
sideration will be clearly separated from the others by 
being susceptible to certain races not previously used 
for testing them. 

The 13 were tested for 
reaction to 6 (Table 1). The 
variety Markton, susceptible to all the races used, was 
included as a check. Three selections, Silva Selection, 
P.I. 186603, and P.I. 189624, showed no macroscopic 
evidence of infection when tested for reaction to race 
202. Six varieties and selections, Landhafer, Santa Fe, 
P.I. 174513, P.I. 185663, P.I. 185785, and P.I. 198227, 
reacted with a light flecking to this race. Trispernia 
and Bondvic were a little less resistant, supporting a 
few small uredia. Victoria and P.I. 186610 produced 
2-type uredia associated with a type of necrosis charac- 


varieties and _ selections 


races of crown rust 


teristic of Victoria. 

The reactions of all varieties and selections to race 
203 were similar to their reactions to race 202. The 
reactions to race 205 resembled those of races 202 and 
203, except that Victoria and P.I. 186610 were ap- 
parently immune from race 205. 

Races 216 and 258 vigorously parasitized Victoria 
but not P.I. 186610, thus serving to distinguish between 
these 2 selections which reacted similarly to all other 
races. 

Only 6 varieties and selections, Victoria, Silva Selec- 
tion, P.I. 174513, P.I. 186603, P.I. 186610, and PI. 
189624, were resistant to race 263. These 6 were not 
highly resistant, but exhibited 2-type uredia and rather 
severe local necrosis resembling the reaction of Victoria 
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TABLE 1, Average reactions* of 14 varieties and strains of 
oats to 6 races of crown rust 


Race Race Race 
216 258 263 


Race Race Race 
202 203 205 


Variety or 
selection” 


Landhafer 


C.I. 3522 0 0 0 0 0 4 

P.I. 185663 - 0 0 0 0 0 4 

P.I. 185785 .- 0 0 0 0 0 4 

P.I. 198227 0 0 0 0 0 4 
Victoria 

Ci: ae: = 2 ] I 4 3 2 

P.I. 186610 - 2 1 I 0 ] 2 
Santa Fe 

C.I. 4519 0 0 0 0 0 4 
Trispernia 

C.I. 4009 0,1 0,1 0 0,1 0,1 1 
Bondvic 

C.I. 5401 0,1 0,1 0,1 0,1 0,1 4 
Silva Sel. ] I I I 2 

P.I. 186603 ] I] I I I 2 

P.I. 189624 I I I I 2 

P.I. 174513 0 0 0 0 0 2 
Markton 

Cl. 2053 4 4 4 4 4 4 


evidence of infection; 
necrotic or 


“ea? 
? 


““T" indicates no macroscopic 
“0,” necrosis or chlorosis but no uredia; “1,” 
chlorotic areas, some of which contain small uredia; 
necrotic or chlorotic areas, most of which contain small to 
mid-size uredia; “3,” chlorotic areas surrounding abundant 


° ° ° . “Aa? rf 
mid-sized uredia, no necrosis; and “4,” no necrosis or chlor- 


osis, uredia large and abundant. 

» CI. refers to accession number of Cereal Crops Section, 
A.R.S., U. S. Dept. of Agriculture. PI. refers to accession 
number of Plant Introduction Section, A.R.S., U. S. Dept. 
of Agriculture. 


to the common races of crown rust. 


EFFECT OF A HIGH LEVEL OF NITROGEN NUTRITION AT 
HIGH TEMPERATURE.—Preliminary investigations showed 
that either high temperature or a high level of nitrogen 
nutrition increased the susceptibility of certain 
varieties of oats to crown rust. This increase in sus- 
ceptibility was more pronounced when high temper- 
ature and high nitrogen level were combined. Plants 
of the 13 varieties used in the present investigation, 
grown at about 85°F in clean quartz sand and supplied 
with essentially the same high nitrogen nutrient solu- 
tion used by Gassner and Hassebrauk (7), were tested 
for reaction to race 202. The test was carried out once 
in December and once in May, with no artificial light 
used either time. 

None of the treated varieties or selections showed 
any appreciable increase in susceptibility over the 
checks grown in soil at 70°—75°F under the long-day 
conditions of May. In the December test, Landhafer 
was more susceptible with high nitrogen and high 
temperature than it was under normal conditions. This 
variety exhibited a uniform 0-type reaction under 
normal conditions and a mesothetic reaction with indi- 
vidual lesions ranging from 0- to 3-type at the high 
temperature. P.I. numbers 185663, 185785, and 198227 
were similar to Landhafer in all respects under both 
sets of environmental conditions. None of the other 
varieties or new selections showed different reactions 
as compared with their untreated checks. 
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REACTION OF DETACHED LEAVES.— Material for testing 
reactions of detached leaves to 6 races of crown rust 
was obtained by growing plants in soil until the first 
leaf was about 3 in. long. The plants were then 
inoculated in the usual manner. 


experiments leaves were detached 2 and 4 days after 


In several separate 


inoculation, and placed in test tubes, each tube contain- 
ing about 3 ml of 2 per cent sucrose solution. 


The results were somewhat erratic, and often not 
clear-cut. It was noted for example, that detached 
leaves of a given variety were seldom heavily infected 
with a race to which the variety was normally resist- 
ant. Usually these leaves would show only a few 
uredia, and the results were not always confirmed in 
subsequent tests. In contrast, detached leaves infected 
with a race to which they were normally susceptible 
consistently showed very heavy infection of 4-type 
uredia. 

In spite of these difficulties. it was possible to make 
certain general observations. Detached leaves often 
showed greater susceptibility than nondetached leaves 
When all 6 races 


were considered, this trend was more pronounced in 


of the same variety or selection. 


varieties or selections normally moderately resistant 
to a given race than in those with a higher type of 
resistance. Thus detached leaves of the selections that 
were normally moderately resistant to race 263 were 
susceptible. Conversely, no uredia were seen on 
detached leaves of Silva Selection, P.I. 186603, or P.1. 
189624 that had been inoculated with the other 5 
races, from which they were normally immune. 

The races used did not appear to be equal in their 
ability to induce susceptible reactions in detached 
leaves of normally resistant varieties. Almost no 
uredia were seen on detached leaves of any of the 
varieties or selections inoculated with race 205. At 
the other end of the scale, race 216 induced susceptible 
reactions rather consistently in certain normally 
resistant varieties and selections. 

EFFECT OF MALEIC HYDRAZIDE.—Maleic hydrazide 30 
(a solution of MH as diethanolamine salt containing 
30 per cent active MH by weight) at a concentra- 
tion of 0.35 per cent was sprayed on seedling plants 
of the 14 varieties and selections being studied. Two 
days later, the plants were inoculated with race 202. 
Most of the varieties and selections, including the 
highly susceptible Markton, that were sprayed with 
maleic hydrazide never developed any macroscopic 
symptoms of infection. Victoria and P.I. 186610 pro- 
duced a few medium-sized uredia surrounded by green 
tissue with no sign of chlorosis or necrosis. Nontreated 
checks of both Victoria and P.I. 186610 were heavily 
infected with small uredia, each uredium being situated 
in the center of a small necrotic area. Further tests 
with maleic hydrazide involving different concentra- 
tions, lower and higher temperatures, and different 
races of crown rust were carried out. These further 
tests substantiated the results just described in some 
cases, but did not add any information of value on 
the other varieties. 
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Errect OF ppt.—The insecticide DDT, prepared and 
applied in essentially the same manner as described 
by Johnson (10), did not increase the susceptiblity 
of any of the 14 varieties and strains of oats inoculated 
with 5 races of crown rust (202, 203, 205, 216, 258). 
The treatment, in fact, slightly reduced the suscepti- 
bility of the 
Markton. 

REACTIONS TO HELMINTHOSPORIUM VICTORIAE 
MEEHAN & Murpuy.—In view of the well-known rela- 
tionship of the Victoria type of crown rust resistance 


normally highly susceptible variety 


and susceptibility to H. victoriae (11, 14), it might be 
suspected that any variety susceptible to H. victoriae 
might carry the same gene for crown rust resistance 
that is found in Victoria. The 6 varieties that were 
resistant to race 263 (Victoria, Silva Selection. PI. 
174513, P.I. 186603, P.I. 186610, and P.I. 189624) 
were susceptible to H. victoriae. The remaining 8 
varieties were resistant to H. victoriae but were sus- 
ceptible to crown rust race 263. 

Discussion.—It was apparent that the 13 resistant 
varieties and selections that were studied fell into sev- 
eral distinct groups as based on their reactions under 
different conditions. One of the most interesting of 
these groups included Silva Selection, P.I. 186603, and 
P.I. 189624. Under normal conditions, these 3 selec- 
tions developed no macroscopic symptoms and thus ap- 
peared to be immune from the common races of crown 
rust. This indicates that they have a distinctly higher 
degree of resistance than any of the named varieties. 
They were moderately resistant to race 263, their re- 
action to this race resembling the reactions of Victoria 
and P.I. 186610. Also, like Victoria and P.I. 186610, 
they were susceptible to Helminthosporium victoriae. 
These facts, in view of the epistatic nature of the Vic- 
toria gene insofar as reaction to H. victoriae is con- 
cerned (6), suggest that the crown rust resistance of 
these 3 selections may be attributed to the Victoria 
gene in combination with other genes, possibly includ- 
ing those of Landhafer or Santa Fe. 

P.I. 174513 was similar to the 3 selections just dis- 
cussed except that it showed a flecking rather than an 
immune reaction to the common races of crown rust. 

Another distinct reaction group, comprised of Land- 
hafer, P.I. 185663, P.I. 185785, and P.I. 198227, also 
was clearly distinguished from all other varieties and 
selections by a partial but unmistakable breakdown of 
resistance when supplied with a nutrient solution high 
in nitrogen at high temperatures. 

P.I. 186610, which like Victoria is susceptible to H. 
victoriae, also showed typical “Victoria type” resistant 
reactions to races 202, 203, 205. and 263. P. I. 186610, 
however, also was resistant to races 216 and 258, 
which attack Victoria. Because of the resistance of 
P.I. 186610 to the common races attacking Victoria, 
and the fact that it otherwise closely resembles Vic- 
toria, this selection may be useful as a source of crown 
rust resistance in areas where considerable acreages 
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THE EXPRESSION OF SEEDLING DISEASE IN THE MATURE 


COTTON AND FLAX PLANT! 


Robert B. Stewart and Marvin D. Whitehead 


SUMMARY 


Nub-root is an apparently undescribed symptom 
of seedling disease of cotton, flax, and perhaps of 
other tap-rooted plants as expressed in the mature 
plant. Similar symptoms on cotton have heretofore 
been attributed to unfavorable soil structure. To 
test the hypothesis that the symptoms on the mature 
plant were incited by seedling-disease organisms, 
lesioned seedlings of cotton were selected and trans- 
planted to sterile soil. Forty-six per cent of the 
lesioned seedlings developed nub-root while only 4 
per cent developed nub-root in the apparently 
healthy seedlings used as controls. The usual seed- 
ling disease organisms, Fusarium spp., Pythium 
spp., and Rhizoctonia solani Kuhn, were isolated 
from the diseased seedlings. 

When mycelium does not the 


penetrate past 


endodermal layer, the host may recover completely. 
The converse situation exists wherein the fungi 
ramify the tissue of the cortex and stele and kill 
the seedling (damping-off). Between these 2 
extremes a situation exists which gives rise to root 
abnormalities. 

These symptoms were observed to occur through- 
out the cotton-producing sections of Texas during 
1952, 1953, and 1954 and were noted in Oklahoma 
in 1954. The percentage of affected plants varies 
considerably but some are nearly always present. 

The consideration of nub-root as an effect of 
seedling disease in disease surveys will necessitate 
a considerable upward revision of yield 
attributed to the seedling disease complex. 


losses 





Damping-off and sore-shin, seedling diseases incited 


by a complex of seed-borne and soil-borne organisms, 


1 Accepted for publication February 27, 1955 


1954. The relationship of temperature 


of 


21- 


are known to occur wherever cotton is grown.2 They 


have been considered primarily as diseases of small 


2 Neal, D. C., and W. W. Gilbert. 1935. 


Cotton diseases 


ind methods of control. U.S. Dept. Agr. Far. Bul. 1745, 34 p. 
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seedlings and as occurring as a rot near the surface 
of the soil. Crop loss has been attributed to reduction 
of stand along with some aftereffect from stem 
cankers. Root malformation and deficiencies in the 
mature plant have been attributed to the effects of 
soil structure. Taubenhaus, Ezekial, and Rea* reported 
cotton roots to be constricted and the plant literally 
strangled to death by the compaction of heavy clay 
soil by rain and irrigation. Hubbard and Herbert* noted 
a similar reaction of cotton roots penetrating the coarse 
sand strata of soils at Shafter, California. Baily® 
described abnormal root development in the Egyptian 
Sudan and attributed it to soil hard pan. He observed 
varietal differences to the abnormal root development. 
In 1952, root abnormalities, here described as nub-root. 
were noted on plants growing in soils lacking an 
impervious layer. Later observations of root abnormali- 
ties in seedling cotton suggested the possibility that 
these symptoms may have resulted from damage during 
the seedling stage by one or more of the damping-off 
disease organisms. 

Symptoms.—The more severely affected cotton 
plants may wilt suddenly, or they may become stunted 
and generally unthrifty before eventually dying. 
Those less affected plants may show correspondingly 
less severe symptoms. Plants with moderate root 
abnormalities may show no aboveground symptoms. 
It is possible for wilt to occur when the soil-moisture 
content is high because the abbreviated root-system is 
unable to support the well developed shoot. In the 
more severe phase of nub-root, the tap root appears to 
have been cut off near the soil surface (Fig. 1, E, I, J, 
K). When the normal tap root system is destroyed, 
lateral roots may develop. permitting the plant to 
reach maturity (Fig. 1, B, C, G, H). Young lateral 
roots may become invaded and develop the same symp- 
toms as the tap root (Fig. 1, B). When the root has 
been infected on 1 or both sides without having become 
completely girdled, an extended, flattened, blade-like 
root develops (Fig. 1, C. D, F, L). The same symptoms 
were noted to occur on roots of flax in a nursery at 
College Station, Texas (Fig. 2). In flax, however, the 
leaves on infected plants tend to be chlorotic and 


3 Science Service, Washington, D.C. Science News. Items. 
Science 71 (1847) : XIV (Supplement). 

4 Hubbard, J. W., and F. W. Herbert. 1933. Root develop- 
ment of cotton in the San Joaquin Valley of California. 
U.S. Dept. of Agr. Circ. 262, 8 p. 

5 Bailey, M. A., and J. Templeton. 1926. A note on the 
abnormal behavior of cotton plants when subjected to 
handling. Egypt Mins. Agr. Tech. and Sci. Serv. Bul. 61, 8 p. 
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reddish (Fig. 2, B, D). Similar symptoms were noted 
on other tap-rooted plants but no investigations were 
made as to the inciting agents. 


RESULTS AND DISCUSSION.—The cotton plant normally 
has a long slender tapering tap root (Fig. 1, A). Hub- 
bard and Herbert* traced tap roots of cotton to a 
depth of 5 ft. When such a root system is compared 
with one which has typical nub-root, it is not difficult 
to understand the sudden wilting of such plants under 
water stress. The laterals, which develop from the 
injured roots, usually grow horizontally and the plants 
are able to thrive if moisture is available in the upper 
soil layers. They may often develop into what appear 
to be normal plants unless moisture becomes limiting. 
When moisture is limiting, they wilt and may die 
rather quickly. 

In order to test the relationship between nub-root 
in the mature plant and seedling diseases incited by 
soil-borne organisms, seedlings were grown to a height 
of 3—4 in. in Lufkin fine sandy loam soil. The soil was 
washed from the seedlings and 75 showing root lesions 
were selected and transplanted to 25 l-gal. glazed 
crocks. An equal number of apparently healthy plants 
was used as a control. One seedling was removed from 
each pot at 1-month intervals and the root development 
examined. 

Only 4 per cent of those plants grown from seedlings 
free of macroscopic lesions developed abnormal tap 
roots, while 46 per cent of those grown from seedlings 
with lesions developed nub-root symptoms (Table 1). 
This does not rule out the possibility of hard pan 
causing similar symptoms, but it does show that such 
symptoms can arise from invasions by pathogenic 
fungi. 

Rhizoctonia solani generally is listed as the most 
severe incitant of seedling injury, but under condi- 
tions of Central Texas, Fusarium spp. are the most 
severe incitants. Fusarium spp., Pythium spp., and 
Rhizoctonia solani were isolated from the lesioned 
seedlings when plated on potato-dextrose agar. On 
further growth and maturation of the cotton plant, the 
lesions inflicted during seedling development healed 
over and no organism could be plated from the abnor- 
mal roots. 

Microscopic study of diseased roots revealed that 
the fungal complex often did not penetrate past the 
endodermal layer. Under such conditions no lasting 
harm is done to the cotton plant, since the cortex is 
normally sloughed off by the maturing seedling. The 
converse situation exists wherein the fungi ramify 
throughout the tissue of the cortex and stele, inciting 


»— 


Fic. 1—2. Fig. 1. Symptoms of nub-root of cotton. A) Healthy root. B) Nub-root with secondary nubbing of lateral 


roots. he D, F, K) Blade-like Toot development. G, H) Large 


lateral root development from nubbed plants. E, I, J) 


Severely nubbed-off root. L) Blade-like development of cotton root.—Fig. 2. Symptoms of nub-root of flax. A) Healthy 
plant. B) Lateral root development of infected plants showing proliferation. C, D) Plants with severely nubbed-off roots. 
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TaBLe 1.—IJncidence of nub-root in mature plans grown 
from apparently healthy seedlings and from lesioned 


seedlings 
Age of Apparently healthy 
plant in __ seedlings Lesioned seedlings 
months Healthy plants Nub-root Healthy plants Nub-root 
1 25 0 1] 14 
- 24 l 17 8 
$ 23 2 12 13 


Total 72 3 40) 35 


seedling death (damping-off). Between these 2 ex- 
tremes a situation exists which gives rise to nub-root. 

When the invading organism destroys the cambium 
in a given location within the root, and then for some 
reason (temperature, age of plant tissue, or other) 
fails to develop further, the root will form a callus 
and begin recovery. 
destroyed, this area of the root cannot develop further. 
Thus the degree and direction of the injury is 
determined by the extent of damage to the cambium 
tissue. 


Because the cambium has been 


If the stele is invaded, the infection usually pro- 
gresses until the root is severed. When this happens 
the growing point of the tap root has been removed 
and further downward growth of this organ is not 
possible. Lateral roots may then develop from the 
portion of the root above the lesion and the plant 
partly recovers from the disease. The remaining portion 
of the tap root may become somewhat enlarged be- 
cause of an accumulation of carbohydrates that ordi- 
narily would be utilized in development of a tap root. 

if the organism does not completely sever the root 
of a seedling and destroys only a portion of it, a 
mature tap root conforming to the form of the remain- 
ing healthy tissue of the infected seedling root will 
develop. Thus, if the root is invaded on opposite sides, 
a flattened blade-like root will develop (Fig. 1. L). 
A histological study of roots of diseased seedlings 
showed that the form of the healthy or uninvaded 
tissue of an infected root conforms roughly to the 
root form attained in the maturing root. 

To determine whether these symptoms were the 
result of simple tissue destruction or of a particular 
biological relationship, tap roots of cotton were altered 
mechanically in 3 ways: 1) roots were severed com- 
pletely about 1% in. below soil line; 2) roots were split 
longitudinally and 1 half of root removed; and 3) roots 
were cut on 2 opposite sides, leaving a blade-like tap 
root. These plants were then transplanted to 6-in. 
clay pots and after 1 month they were removed and 
examined. Following treatments, the plants 
developed tap roots which conformed to the resulting 
shape of the roots after portions of them were excised 
mechanically. The treatments in this experiment are 
thought to be analogous to the action of the organisms. 


these 


Seedling diseases of cotton (damping-off and sore- 
shin) often are not considered important by growers 


since it is common practice to plant more than enough 
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TasLe 2.—Distribution and prevalence of nub-root in 1953 
and 1954 


Percentage nub-root 
Locations 1953 1954 


South Texas 
College Station 


Upland 47 42 
Brazos River Bottom 25 90 
Bryan 50 
Tabor en 30 
Waco : 95 
Marlin 80 
Calvert 30 
North Texas* 
Ft. Worth 20 
Lubbock 75 
Idalou 51 
Lorenzo 30 
Ralls 14 
So. Central Oklahoma 
Oklahoma City 30 
Waurika 46 
Chickasha 55 


“The authors are indebted to Dr. Harry C. Lane, Texas 
Agricultural Experiment Station, Substation No. 8, Lubbock. 
Texas, for field readings made in North Texas. 


seed and then to thin to a stand. This concept would 
be sound if recovery from seedling disease were 
complete. The symptoms here described show that 
recovery may not be complete. 

In 1952 seedling diseases were estimated to cause 
2.5 per cent loss in yield in Texas. Heretofore, nub- 
root has not been considered in seedling disease 
losses. In a number of fields examined in 1953 and 
1954, a relatively high percentage of the plants were 
affected by nub-root (Table 2). During the past 3 
years nub-root symptoms have been noted throughout 
the cotton-producing sections of Texas. One survey 
in South Central Oklahoma in August, 1954, revealed 
the presence of the disease in Oklahoma (Table 2). 
The counts do not take into account the loss of stand 
from earlier killing. Diseased plants that are not 
damped-off are considered part of the field stand and 
compete for plant nutrients along with healthy plants. 
They may die later when a water shortage develops, 
or they may continue to live and to produce poorly. 
The ultimate loss from this disease is conditioned by 
the prevalence of the disease, by the degree of host 
plant recovery, and by environmental factors. Ap- 
parently adequate moisture can do much to alleviate 
the loss due to the disease. It is considered that 
during the 1954 season the yield loss from seedling 
diseases, taking into account mature plant losses, will 
constitute the major cotton disease problem in Texas. 
During the 1954 season. yield loss in the fields surveyed 
was estimated at 5-75 per cent. 


DEPARTMENT OF PLANT PHysIOLOGY AND PATHOLOGY 
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ANTAGONISTIC AND STIMULATORY EFFECTS OF SOIL MICROORGANISMS 
UPON SCLEROTIUM ROLFSII ! 


D. J. Morton? and W. H. Stroube* 


SUMMARY 


Antagonistic effects of the soil microflora upon 
Sclerotium rolfsii Sacc. were studied with micro- 
organisms isolated at random from soils and tested 
individually in agar cultures. Two of 1114 bacteria 
(0.2 per cent), 18 of 1064 actinomycetes (1.7 per 
cent), and 35 of 1005 fungi (3.5 per cent) inhibited 
growth of S. rolfsii. In greenhouse tests with the 
antagonistic organisms and S. rolfsii, the fungi, the 
actinomycetes, and the bacteria significantly re- 
duced disease severity. 

It has been reported that S. rolfsii will not grow 
well on synthetic media unless thiamin is added, 
and also that many microorganisms produce this 


vitamin. In this study. S. rolfsii grew well on a 


medium lacking thiamin (Czapek’s sucrose-nitrate 
agar) in the presence of certain other microorgan- 
isms, suggesting that an essential metabolite, such 
as thiamin, was being provided by the added or- 
ganisms. Tests revealed that 842 of 1036 bacteria 
(81.3 per cent), 660 of 1005 actinomycetes (65.7 
per cent), and 826 of 1219 fungi (67.7 per cent) 
stimulated S. solfsii in this manner. In greenhouse 
tests, no significant increases in disease severity 
occurred when microorganisms stimulatory to S. 
rolfsii in agar culture were used, indicating that the 
soil microflora does not have a stimulatory effect 
upon the fungus under natural conditions. 





Southern blight. caused by Sclerotium rolfsii Sacc., 
is a serious disease of many crops in the southern 
areas of the United States. An outstanding feature of 
this disease on soybeans is its erratic nature. It often 
attacks isolated plants in a field, leaving small areas 
of diseased plants scattered throughout otherwise 
healthy stands. Atkins (2) suggested that temporary 
variations in the numbers of soil microorganisms might 
account for this phenomenon, hence, a study of an- 
tagonistic and stimulatory effects which the major 
groups of soil microorganisms have upon S. rolfsii was 
initiated. 

Antagonistic effects were given greater emphasis 
than stimulatory ones, since much evidence of the 
former has been reported with other soil pathogens 
(2, 4, 15). Considering the importance of S. rolfsii as 
a plant pathogen, relatively little work has been done 
on influence of soil microflora upon this fungus. Mce- 
Clellan et al (9) suggested that a reduction in ger- 
minability of sclerotia, which they observed, was due 
to action of antagonistic organisms, and Johnson (7) 
demonstrated that soil microflora may be antagonistic 
to S. rolfsii. Atkins (2) reported that a bacterium 
reduced pathogenicity of S. rolfsii to soybean and to 
Crotalaria seedlings in greenhouse tests. Porter (11) 
found that S. rolfsii was inhibited by Bacillus sub- 
tilis (Cohn) Prazmowski, and Weindling (15) noted 
that the fungus was more or less susceptible to attacks 


1Accepted for publication March 5, 1955. 

Cooperative investigations, Louisiana Agricultural Ex- 
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of Trichoderma lignorum. Hine and Endo (5) stated 
that 7. viride Fries was able to attack and destroy 
sclerotia and mycelium of S. rolfsii. 

Stimulatory effects also were considered in this 
study. Examples of such relationships among micro- 
organisms include Vuillemin’s description (14) of the 
beneficial effects of Mucor rouianus (Calmette) Weh- 
mer upon a micrococcus, Molliard’s reference (10) to 
members of the genus Ascobolus which produced peri- 
thecia only in the presence of bacteria, and Zeller and 
Schmitz’s report (16) of fungal growth and sporula- 
tion stimulated by other fungi. A possible method of 
investigating stimulatory effects upon S. rolfsii was 
suggested by the works of Joham (6) and Thompson 
(13). Joham showed that thiamin chloride was es- 
sential for normal growth of S. rolfsii, and Thompson 
reported that several common species of bacteria ac- 
tively produce thiamin in relatively large quantities. 


MATERIALS AND METHODS.—Effects of soil micro- 
flora upon S. rolfsii were studied by isolating soil mi- 
croorganisms, testing them for antagonistic and stimu- 
latory effects in the laboratory, and finally testing them 
for such effects in greenhouse experiments. An iso- 
late of S. rolfsii from an infected soybean plant was 
used throughout the study. Isolations of microorgan- 
isms from soil were made from 3 experimental farms 
near Baton Rouge, Louisiana, by means of standard 
techniques and the following media and dilutions: 
For bacteria, soil-extract agar (1) and a soil:water 
dilution of 1:10°; for actinomycetes, Conn’s glycerol- 
asparaginate agar (8) and a soil:water dilution of 
1:10°; and for fungi, rose bengal agar (12) and a 
soil:water dilution of 1:2 104. The plates were in- 
cubated at 28°C for 4 days with fungi, 6 days with 
actinomycetes, and 8 days with bacteria. Isolates were 
then selected at random and screened for antagonism 
to S. rolfsii on potato-dextrose agar by streaking 4 to 
a plate as described by Cooper and Chilton (3). Those 
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isolates which were not overgrown by S. rol/sii in the In tests on possible stimulation of S. rol/sii by soil 
screening tests were retested individually for antago- microorganisms, the fungus was grown on Czapek’s 
nism. In the case of bacteria and actinomycetes, in- sucrose-nitrate agar (8), a medium which does not 
hibition zones were measured after intervals of 1 and support much growth of S. rolfsii because it does not 
2 weeks whereas with fungal isolates, records were contain thiamin. Two small pieces of potato-dextrose 
made of whether or not the isolates overgrew S. rolfsii. agar infested with S. rolfsii were placed on opposite 
All tests for antagonism were carried out at 28°C. _ sides of each petri dish of Czapek’s medium. A differ. 
Some examples of antagonistic actinomycete isolates ent soil isolate was then streaked next to each piece 


are shown in Figure 1. of infested agar. Control plates were similar. except 


Fic. 1-3.—Fic. 1. Four actinomycete isolates antagonistic to S. rolfsii on potato-dextrose agar. The inhibition zones of 
14-day-old cultures are shown.—Fic. 2. Stimulatory effects of bacterial isolates from soil upon S. rolfsii on Czapek’s su- 
crose-nitrate agar: A) Both bacteria have stimulatory effect; B) One bacterium has a stimulatory effect; C) Control, no 
bacteria added; D) Neither bacterium has a stimulatory effect—Fic. 3. Differences in stimulatory effects of 7 species of 
bacteria upon S. rolfsii on Czapek’s sucrose-nitrate agar: A) Control (no bacterium added) ; B) Pseudomonas synxantha: 
C) Aerobacter cloacae; D) Aerobacter aerogenes: E) Serratia marcescens: F) Bacillus alvei: G) Pseudomonas muci- 
dolnas; H) Pseudomonas syncyanea 
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that no soil isolates were streaked on the plates. The 
plates were incubated for 4 days. If growth of S. 
rolfsii in the plates streaked with soil isolates was con- 
siderably greater than that in the controls, the isolate 
was considered to have a positive stimulatory effect 
(Fig. 2). 

Many of the soil isolates which had antagonistic or 
stimulatory effects upon S. rolfsii in agar cultures were 
tested further in the greenhouse. The test plant was 
the Ogden variety of soybean. Seeds were planted in 
4-in. pots of sterilized sandy loam, 10 seeds per pot. 
Disease determined by counting the 
healthy seedlings 2 weeks after planting. All experi- 
ments were conducted in quadruplicate. 


severity was 


Three methods of soil infestation were used. In the 
first of these, cultures of S. rolfsii and the isolate 
being tested were grown for 1 week on potato-dextrose 
agar, after which the agar was cut into small blocks 
and 1% of a petri-dish culture of each organism was 
thoroughly mixed with the upper 2 in. of soil in the 
pots. With the second method, the liquid potato- 
dextrose medium was used and the contents of 1 petri 
dish containing S. rolfsii and those of 1 containing the 
soil organism were poured over the soil and covered in 
turn with more soil. Where mycelial mats were formed 
on the surface of liquid cultures, the mats were cut 
into small pieces and added to the soil. 

In the third method, a cornmeal-sand medium was 
prepared by mixing 1000 g of sand, 200 g of cornmeal 
and 250 ml of water. The mixture was placed in 
500-ml flasks, sterilized, and seeded with the test or- 
ganism. After a week’s incubation, during which each 
flask was shaken daily, the mixture was added to soil 
in the pots at a rate of from 2 to 5 per cent by volume 
for each organism. Two series of controls were used 
in all of the experiments. 
were planted together with 1 portion of sterile medium 
and 1 of medium infested with S. rol/sii; in the other, 


In 1 series, soybean seeds 


soybean seeds were planted in the presence of 2 por- 
tions of sterile medium. 


Resu.tts.—The group of soil organisms having the 
highest proportion of isolates antagonistic to S. rolfsii 
was the fungi (35 of 1005 tested or 3.5 per cent). A 
lower proportion (18 of 1064 cent) of 
actinomycete isolates had this effect, and only 2 of 
1114 bacterial (0.2 per cent) were antago- 
nistic. The 2 antagonistic bacteria were identified as 
strains of Bacillus subtilis, the 35 fungi as Tricho- 
derma spp., and the 18 actinomycetes as species of 
Streptomyces. The antagonistic bacteria and actino- 
mycetes produced an inhibition zone, whereas the fungi 
overgrew S. rolfsii. In general, the actinomycetes 
formed wider zones than did the bacteria. 


or 1.7 per 


isolates 


In preliminary experiments dealing with effects of 
antagonistic microorganisms upon S. rolfsii in soil, 3 
methods of soil infestation were used: the agar-plate 
method, the liquid-culture method, and the cornmeal- 
sand method. 
method was abandoned because pathogenic effects pro- 


In further experiments the agar-plate 
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duced were too mild, and results obtained with it were 
not statistically significant. 

It may be noted that more of the isolates gave sig- 
nificant control when the cornmeal-sand method was 
used than when the liquid-culture method was used 
(Table 1). In all 4 tests, the 2 fungal isolates and ac- 
tinomycete isolates 6, 9, and 11 were significantly 
effective in controlling the disease. Actinomycete iso- 
lates 3, 5, 7, 8, and 10 were each effective in 2 tests, 
whereas actinomycete isolate 1 and both bacterial iso- 
lates each gave significant control in 1 test. No cor- 
relation was found between the width of the inhibi- 
tion zones of the different isolates in agar-plate cul- 
tures and the degree of disease control produced by the 
same isolates. 

A greater proportion of the bacteria (842 of 1036 
tested or 81.3 per cent) had a stimulatory effect upon 
S. rolfsii on Czapek’s medium than was the case with 
the actinomycetes or the fungi. The proportion of 
actinomycetes and fungi that produced stimulatory ef- 
fects was 660 of 1005 (65.7 per cent) and 826 of 1219 
(67.7 per cent), respectively. 

Thirteen species of bacteria also were tested for 
stimulatory effects. Those which enabled S. rolfsii to 
grow vigorously were Pseudomonas mucidolans Levine 
& Anderson, Pseudomonas syncyanea (Ehrenberg) 
Migula, Bacillus alvei Cheshire & Cheyne, Aerobacter 
aerogenes (Kruse) Beijerinck, and Serratia marsescens 
Bizio; those which stimulated growth moderately were 


TABLE 1.—The number of healthy soybean seedlings grown 
from seed planted in soil infested with S. rolfsii and 
with antagonistic organisms 


Method of infesting soil 


Cornmeal-sand 


Liquid culture culture 


Isolate Test1* Test 2 Test 1 Test 2 
Bacterium No. 1 7.50” 5.75 1.50 3.50°* 
Bacterium No. 2 7.00 5.75 0.75 2.50* * 
Actinomycete No. 1 8.50**° 6,00 0.25 0.75 
Actinomycete No. 2 6.50 5.00 0.25 0.00 
Actinomycete No. 3 a.50"* . 6.75 sae °. Ta 
Actinomycete No. 4 8.00**  8.75** 6.75** . 6.75** 
Actinomycete No. 5 5.50 9.00* * ate LS 
Actinomycete No. 6 La 6«§« Se 6.25**  9.00** 
Actinomycete No, 7 7.25 7.00 650*°*. 825°° 
Actinomycete No. 8 6.50 7.50 oso 6 ae 
Actinomycete No. 9 aou"" tier 8.00** 9.00** 
Actinomycete No. 10 —_7.00 7.50 4.25** 425° 
Actinomycete No. 1] 9.25°* 9.50** CB Sing 7.00* * 
Fungus No. 1 8.00%*  9,75** 7.75** 10.00** 
Fungus No. 2 8.75**  9.00** 7.75** 9,50**° 
Control (infested) 5.75 5.29 0.00 0.00 
Control (non- 

infested ) 9.00**  9,75** Coe’: Saar 
LSD (.01) 1.98 2.47 2.24 2.28 


“Each test is the average of 4 replications, with 10 seeds 
used in each. 
Average number of healthy seedlings produced from 10 
seeds. 
* **Significant decrease in pathogenicity from infested 
contro! at 1 per cent level. 
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Salmonella anatis (Rettger & Scoville) Bergey et al, 
S. pullorum (Rettger) Bergey et al, Escherichia coli 
(Migula) Castellani & Chalmers, EF. freundii (Braak) 
Yale, Lactobacillus casei (Orla-Jensen) Holland, and 
Bacillus pumulus Gottheil; whereas those which did 
not favor growth of the fungus were Pseudomonas 
synxantha (Ehrenberg) Holland and Aerobacter clo- 
acae (Jordon) Bergey et al. Some examples of these 
results are shown in Figure 3. 

In all cases in which a microorganism did not stimu- 
late the growth of S. rolfsii, the growth of the fungus 
was completely inhibited. In the plates containing 
only S. rolfsii, however, a small amount of growth oc- 
curred. This suggests that the microorganisms which 
were not stimulatory produced some substance that 
inhibited the growth of S. rolfsii on Czapek’s medium. 
Such a substance probably would not have to be very 
potent as the medium itself is unfavorable to the 
growth of S. rolfsii. 

In order to determine whether or not thiamin would 
produce an effect upon S. rol/sii similar to that of the 
stimulatory microorganisms, this vitamin was added 
as thiamin hydrochloride to Czapek’s medium in 8 
concentrations ranging from 10~* to 10~—!°. In all 
concentrations of 10—*° or greater, S. rolfsii grew as 
vigorously as it did when stimulatory microorganisms 
were present, whereas in all concentrations lower than 
this, growth of the fungus was poor. 

Greenhouse experiments were designed to determine 
whether organisms that produced stimulatory effects 
in the laboratory might increase pathogenicity of S. 
rolfsii in greenhouse culture. Six species of bacteria 
were chosen for this test. In agar-plate tests, 2 (P. 
mucidolans and A. aerogenes) were highly stimulatory, 
2 (E. coli and B. pumulus) were moderately stimula- 
tory, and 2 (P. synxantha and A. cloacae) had no 
stimulatory effects. The liquid-culture method of in- 
festation was chosen in preference to the others, since 
the degree of pathogenicity obtained with infested con- 
trols using this method was only moderate, and conse- 
quently any increase in disease severity could be mea- 
sured. The experiment was conducted twice in 
quadruplicate, and in only 1 case was a bacterium 
associated with a significant increase in pathogenicity 
of S. rolfsii. This organism, 4. cloacae, was not stimu- 
latory in agar-plate tests and no increase in disease 
severity occurred when this bacterium was retested 
in the soil. 


Discussion.—In the present studies, it was found 
that only a small proportion of the soil microrganisms 
tested were antagonistic to S. rolfsii. From the results 
obtained, it seems probable that fungi play the most 
significant role in any antagonism that soil microflora 
may have towards S. rolfsii. A few of the actinomy- 
cetes might also be important, whereas the bacteria 
would seem to be of little importance. 

In the experiments concerned with stimulatory 
effects of microorganisms upon S. rolfsii, it was found 
that a relatively high percentage of the soil organisms 
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apparently produced thiamin, since the fungus grew 
well in their presence on a thiamin-deficient medium, 
Organisms that were able to stimulate growth of S. 
rolfsii on thiamin-deficient medium failed to increase 
consistently the pathogenicity of the fungus to soybean 
plants in greenhouse tests. It appears unlikely, there. 
fore, that the natural soil microflora has a stimulatory 
effect upon S. rolfsii by producing thiamin. The fact 
that S. rolfsii grows well on soil-extract agar (1), a 
medium containing soil filtrate as the only source of 
organic material, indicates that soil contains amounts 
of thiamin in excess of the minimum requirements of 
the fungus so that any such vitamin produced by soil 
microorganisms would not be needed by the fungus. 


LOUISIANA AGRICULTURAL EXPERIMENT STATION 
Baton Rouce, Loumstana 


LITERATURE CITED 
1. Auten, O. N. 1951. Experiments in soil bacteriology. 
Burgess, Minneapolis. 126 p. 
Arkins, J. G. 1951. Annual Progress Report. Dept. Pl. 
Path., La. Agr. Exp. Sta. (Unpublished) 

3. Cooper, W. E., ano S. J. P. Cuitton. 1950. Studies 
on antibiotic soil organisms. I. Actinomycetes anti- 
biotic to Pythium arrhenomanes in sugar-cane soils 
of Louisiana. Phytopathology 40: 544-552. 

1. Garrett, S. D. 1940. Soil conditions and the take-all 
disease of wheat. V. Further experiments on the 
survival of Ophiobolus graminis in infected wheat 
stubble buried in the soil. Ann, Appl. Biol. 27: 
199-204, 

5. Hine, L, anp E. Enno. 1940. Trichoderma parasitic 
on sclerotial fungi. Japan. Ann. Phytopath. Soc. 10: 
31-241. 

6. Jonam, H. E. 1943. A nutritional study of the fungus 
Sclerotium rolfsii. M.S. Thesis. Agr. and Mech. Col. 
of Texas. 

7. Jounson, S. P. 1953. Some factors in the control of 
the southern blight organism, Sclerotium rolfsii. 
Phytopathology 43: 363-368. 

8. Levine, M., anp H. W. ScHoencern. 1930. A compila- 
tion of culture media for the cultivation of micro- 
organisms. Williams and Wilkins, Baltimore. 

9. McCretian, W. D., J. R. Curistiz, ann N. L. Horn. 
1949. Efficacy of soil fumigants as affected by soil 
temperature and moisture. Phytopathology 39: 272- 
283. 

10. Morurarp, M. 1903. Réle des bacteries dans la produc- 
tion des perithéces des Ascobolus. [Paris] Acad. 
des Sci. Compt. Rend. 136: 899-901. 

1]. Porter, C. M. 1924. Concerning the characters of cer- 
tain fungi as exhibited by their growth in the pres- 
ence of other fungi. Amer. Jour. Bot. 11: 168-188. 

12. Smirn, N. R., ano V. T. Dawson. 1944. The bacterio- 
static action of rose bengal in media used for plate 
counts of soil fungi. Soil Sci. 58: 467-471. 

13. THompson, R. C, 1942. Synthesis of B vitamins by 
bacteria in pure culture. Univ. of Texas Publ. 4237: 
87-96. 

14. Vurmxtemin, P. 1902. Sur les effets du commensalisme 
d’un Amylomyces et d’un Micrococcus. | Paris] Acad. 
des Sci. Compt. Rend. 134: 366-368. 

15. Wernpiinc, R. 1932. Studies on a lethal principle ef- 
fective in the parasitic action of Trichoderma lig- 
norum on Rhizoctonia solani and other soil fungi. 
Phytopathology 24: 1153-1179. 

16. Zevver, S. M., ano H. Scumitz. 1919. Studies in the 
physiology of the fungi. VIII. Mixed cultures. Mo. 
Bot. Gard. Ann. 6: 183-192. 


N 





me 











Nera ii —TS& = 





ee 





A BROADER CONCEPT OF THE SPECIES SCLEROTINIA SCLEROTIORUM 
BASED ON VARIABILITY ! 


Laurence H. Purdy? 


SUMMARY 


Single ascospore cultures were obtained through 
2-3 generations from isolates tentatively identified 
as S. sclerotiorum, S. trifoliorum, or S. minor based 
on host association and sclerotial size. Measure- 
ments of asci and ascospores from each genera- 
tion were recorded and compared with those given 
in the original descriptions. It was found that there 
was no line of demarcation between the ascus or 
ascospore measurements of the species studied, and 
it was impractical, if not impossible, to distinguish 
the asci or ascospores of 1 species from those of 
the other. 

Cultural variants were obtained varying from 
those that produced no sclerotia to those that 
produced very large sclerotium-like masses. A 
continuous intergradation in sclerotium size was 
obtained from small sclerotia of S. minor or S. 
intermedia to the large ones of S. trifoliorum and 
S. sclerotiorum. Species could not, therefore, be 
separated with certainty on the basis of sclerotium 


size. 

The species referred to in the literature as S. 
minor, S. trifoliorum, S. trifoliorum var. fabae, S. 
intermedia, S. sativa, and S. sclerotiorum comprise 
a natural group which produces apothecia and true 
sclerotia, lacks conidia, and attacks a wide range 
of host plants. Since it is impossible to identify 
these species in practice because of the variability 
of the taxonomic characters that have been used, 
it is proposed that the name S. sclerotiorum be 
applied to large- and small-sclerotium types regard- 
less of the host involved. 

It is further proposed that where it is of some 
practical convenience to do so, the former species 
such as S. intermedia and S. minor be considered 
as “horticultural varieties” of the species S. sclero- 
tiorum and be referred to, for example, as S. 
sclerotiorum “Intermedia” and S._ sclerotiorum 
“Minor”, respectively, and that the large-sclerotium 
forms be referred to as S. sclerotiorum “Major”. 





The present system of species separation of several 
of the plant pathogenic members of the genus Sclero- 
tinia emphasies size of sclerotia and host associa- 
tion. Individual isolates that differ in cultural 
characteristics or host association from isolates identi- 
fied as Sclerotinia sclerotiorum (Lib.) D By. have been 
described as new species. For example, large-sclero- 
tium isolates obtained from forage legumes usually 
have been placed in the species Sclerotinia trifoliorum 
Eriks., while similar or identical appearing isolates 
obtained from nonlegumes usually have been desig- 
nated as S. sclerotiorum. Inconsistent with this system, 
however, is the designation of the Sclerotinia on snap 
beans as S. sclerotiorum merely because the host is a 
vegetable legume rather than a forage legume. A 
further inconsistency is feund in the designation of 
small-sclerotium isolates from a wide variety of hosts 
as Sclerotinia minor Jagger while reserving the name 
Sclerotinia sativa Drayt. & Groves for those isolates 
obtained from some clovers and bulbous plants. Erec- 
tion of these species purportedly has been based on 
slight differences in the perfect stage. However, 
vegetative or reproductive variants have been described 
as new species. The practice of erecting species based 
on 1 or a few isolates has not taken into consideration 


1 Accepted for publication March 9, 1955. 
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the range of variation of taxonomic characters, for 
if it had these species would not have been erected. 


It became apparent that the taxonomy of these 
species of Sclerotinia is not satisfactory, and the 
present study was initiated from the standpoint of 
a modern philosophy of speciation based on a knowl- 
edge of variation (23, 24). 


REVIEW OF LITERATURE.—Peziza sclerotiorum was 
originally described by Libert, but this binomial was 
changed by de Bary (8) to S. sclerotiorum in 1884. 
According to Saccardo (22), Libert gave ascus and 
ascospore measurements of 130-135 X 8-10 » and 
9-13 X 4-6.5, respectively. A very liberal interpreta- 
tion of this description has been taken. For example, 
Ramsey (21) studied 28 isolates that were identified 
as S. sclerotiorum primarily on sclerotium size, but 
the ascus and ascospore measurements ranged far 
beyond the limits set forth in the original description. 
A similar interpretation was made by Dickson (9) 
who studied 33 isolates identified as S. sclerotiorum. 
Dickson found that the character of growth varied 
from appressed to aerial and that differences in 
growth rates occurred among the different isolates. 
He stated that if several of the isolates had been 
studied separately, they could have been described as 
new species. However, when studied as a group an 
intergradation from one type to another was observed. 
Data from the literature (Table 1) show that measure- 
ments of asci and ascospores are quite variable for 
different isolates identified by several different workers 
as S. sclerotiorum. These data also show that the 
asci have been reported to vary from 81.0 to 199.4 » 
in length and 4.3 to 12.4 » in width and the ascospores 
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from 6.0 to 17.0 y in length by 2.0 to 8.4 » in width. 
It is likely that the original description of this species 
by Libert was based on very few measurements and 
perhaps even on a single specimen. 

The measurements given by Saccardo (22) for S. 
trifoliorum (Table 1) are not in agreement with those 
presented by Ericksson (11) in the original descrip- 
tion of the species. Ericksson gave 160.0 y» as the 
ascus length, Saccardo 180.0 y». These figures are 
probably averages because no variation was reported 
by either author. The asci of S. trifoliorum have been 
reported to vary from 140.0 to 234.0 » in length by 
8.0 to 22.4 » in width and the ascospores from 8.3 to 
19.9 » in length by 5.0 to 10.0 » in width. In the 
variety fabae some measurements were still larger. 
Identification of isolates of Sclerotinia as S. trifoliorum 
is often based on association with forage legumes (12. 
18). Such a basis of identification is not reliable 
however, since the host ranges of S. trifoliorum, S. 
sclerotiorum, and S. minor overlap (3, 12, 13, 14, 16. 
25). Kreitlow (18) reported 4 cultural types of S. 
trifoliorum that originated from single ascospores. 
These ranged from nonsclerotial types to those that 
produced abundant sclerotia and also differed in rate 
of growth. 

S. minor was described by Jagger (14) as a distinct 
species that differed from S. sclerotiorum in having 
smaller sclerotia. The ascus and ascospore measure- 
ments reported by several workers (Table 1) for this 
species are well within the range of variation reported 
for S. sclerotiorum (9, 21). Chivers (5) reported the 
sclerotium size as 0.25-5.00 mm. He showed that 
temperature affected the size of sclerotia, the largest 
occurring at 25°C, and that sclerotium size also de- 
pended on the isolate. Balfe (1) reported a nonsclero- 
tium type obtained from sclerotial transfers of S. 
minor. This type was apparently similar to that re- 


ported for S. trifoliorum by Kreitlow (18). Balfe (1) 
also reported a buff colored mycelial type from S. 
minor. 

Ramsey (20) described S. intermedia as a new 
species with sclerotia intermediate in size between 
those of S. sclerotiorum and S. minor, and reported 
differences in ascus and ascospore size. He placed 
much emphasis on the fact that this species grew 
faster at low temperatures than did either S. minor 
or S. sclerotiorum. The average ascus and ascospore 
measurements which he reported for S. intermedia 
(127.0 X 7.5 w and 12.7 4.9 pw, respectively) agree 
very closely with those reported by Ramsey (21) and 
Dickson (9) for S. sclerotiorum. Chivers (5) showed 
that the sclerotia of S. intermedia vary with the temp. 
erature from 0.75-6.0 mm in diameter. 

Drayton and Groves (10) described a small-sclero- 
tium type associated with bulbous plants and clovers as 
a new species, S. sativa, and gave ascus and ascospore 
measurements of 100.0—-130.0 X 7.5-10.0 » and 9.0- 
12.0 * 4.0-7.0 py, respectively. Sclerotia were reported 
as 1-5 mm long and 1-2 mm thick, dimensions within 
the range reported for S. minor (14), S. intermedia 
(20), and S. sclerotiorum (9, 21). A culture of S. 
sativa furnished by Constance A. Loveland, Science 
Service, Division of Botany and Plant Pathology, 
Ottawa, Canada, was indistinguishable culturally from 
other small-sclerotium isolates studied herein. 

Keay (15) obtained ascus measurements from S, 
sclerotiorum, S. trifoliorum, S. trifoliorum var. fabae, 
and S. minor and on the application of Fisher’s t-test 
reported that “the means (for the asci of different 
described species) were all found to differ significantly, 
but this was also true when samples of the same fungus 
were compared”. This indicated that the range of 
variation of ascus measurements within a species may 
be as great or greater than the variation of measure- 


TaBLeE 1.—Measurements reported in the literature for the asci, ascospores, and sclerotia of several species of the genus 


Sclerotinia 


Sclerotia (mm) 


Species Author Asci (yu) Ascospores (u) 

S. sclerotiorum Libert (22) 130.0—135.0 & 8.0—10.0 9.0-13.0 & 4.0-6.5 30 
Ramsey (21) 125.4-160.4 « 8.2-10.2 11.7-15.1 & 5.9-7.3 2.5-6 
Dickson (9) 124.4-147.5 & 8.1-10.2 9.5-13.5 K 4.8-6.8 2-3 & 6-7 
Davis (7) . 100.0—-125.0 « 5.0-9.0 9.0-11.0 « 4.0-6.0 1-30 
Bisby (3) 100.0—150.0 « 8.0—10.0 10.0-14.0 * 5.0-6.5 
Parievskaya (19) 152.9-199.4 « 4.3-12.4 9.8-16.8  4.2-8.4 
Kheswalla (16) 81.0-127.0 * 6.8-10.2 7.4-15.3 &K 4.46.8 1-15 
Young & Morris (27) 83.0-140.0 * 6.0-11.0 6.0-17.0 & 2.0-8.0 2-10 

S. trifoliorum Erickson (11) 160.0 * 10.0 15.0-17.0 «& 8.0—-10.0 
Saccardo (22) 180.0 * 12.0 14.0-18.0 « 6.0-8.0 
Wolf & Cromwell (26) 140.0-160.0 * 8.0-11.0 12.0-14.0 « 8.0 0.3-10 
Keay (15) 147.0-234.0 « 9.3-19.6 8.3-19.9 « 5.0-8.8 

var. jabae Keay (15) 165.0-252.2 « 10.0-22.4 10.0—28.2 « 6.4—15.2 

Tagger (14) 125.0-175.0 * 8.0-11.0 8.3-19.9 « 5.0-8.8 0.5-2 
Keay (15) 128.0-182.0 « 8.0-11.0 10.0-19.0 « 5.5—10.0 

S. minor Ramsey (21) 141.0 & 8.9 14.1 « 7.0 0.5-1 
Beach (2) 150.0-165.0 « ? 11.0-18.0 « 6.0-8.0 
‘hivers (5) 0.25-5 

S. intermedia Ramsey (20) 121.6-131.4 & 7.2-7.7 10.4-15.2 & 3.6-5.7 1-3 
Chivers (5) 0.75-6 

9.0-12.0 * 4.0-7.0 1-5 x 1-2 


S. sativa Dravton & Groves (10) 








100.0-130.0 * 7.5-10.0 
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ments of different described species. She also reported 
that ascospore length measurements of the species 
studied were significantly different, but significant dif- 
ferences were also found among the ascospore lengths 
of different isolates of the same species. 

With regard to host association, Dickson (9) has 

shown that the host range of S. sclerotiorum is very 
wide, whereas Frandsen (12) has listed only a rela- 
tively few hosts for S. trifoliorum. This is undoubtedly 
due to the designation of large-sclerotium isolates 
from nonforage legumes as S. sclerotiorum while only 
large-sclerotium types from forage legumes are identi- 
fied as S. trifoliorum. Small-sclerotium isolates from 
forage legumes have been identified as S. trifoliorum 
or S. sativa, while those from nonforage legumes have 
been identified as S. minor. 
The similarities in the species S. trifoliorum and 
S. minor led Valleau, Fergus, and Henson (25) to the 
conclusion that they may be synonymous, since no real 
difference between the 2 was observed. Cunningham 
(6) stated that the description of S. intermedia and 
S. minor agree with the description of S. sclerotiorum, 
and that slight differences in certain characters “can- 
not be considered as possessing specific value.” 

MATERIALS AND METHODS.—AI] isolates of S. sclero- 
tiorum and S. minor and almost all isolates of S. 
trifoliorum were obtained from infected host tissue. 
Sclerotia or tissue pieces containing mycelium were 
surface sterilized in 1:10 sodium hypochlorite solu- 
tion for 10 minutes prior to placing them on potato- 
dextrose agar plates. Pure cultures were obtained by 
transferring hyphal tips to potato-dextrose agar slants. 

Single-ascospore cultures were obtained from apo- 
thecia by placing an apothecium at the edge of a 
water-agar plate so that the hymenial surface was 
perpendicular to the agar surface and facing the 
center of the plate. The plate was tilted about 10° 
from the vertical so that ascospores alighted on the 
agar surface as they were forcibly ejected. Ascospores 
that were sufficiently isolated from one another could 
be picked up without difficulty under the medium 
power (30) of a dissecting microscope. 

To induce apothecium production in the laboratory, 
sclerotia from potato-dextrose agar slants or plates 
about 1 month old were transferred to sterile water 
blanks containing about 15 ml of water. The tubes 
were shaken so that the entire surface of each sclero- 
tium was wetted and mycelium adhering to the surface 
removed so that a continuous water film was present. 
The sclerotia and wash water were poured into sterile 
petri plates and placed at 15°C until apothecial initials 
appeared, at which time the plates were placed beneath 
a bank of six 100-watt Mazda lamps in a room held 
at 12°C. Illumination was provided 12 hours each day. 

Twenty to 40 single-ascospore cultures were obtained 
from each apothecium and were maintained on potato- 
dextrose agar slants at room temperature (18-25°C). 
Daily observations were made to note differences in 
growth rates and any other variations. Of the 20 or 
more single-ascospore cultures from each apothecium 
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usually only 5 were kept for further study. 

Thirty asci and 30 ascospores from each of 3 dif- 
ferent apothecia obtained from each isolate were 
measured. The average and range of variation were 
recorded as though the total of 90 measurements were 
from a single apothecium. Only those asci containing 
8 well-defined ascospores were measured, and all 
ascospore measurements were obtained from ascospores 
floating free in the mounting medium. On the basis 
of these measurements, cultural characteristics, and 
host association, the isolates were tentatively identified, 
when possible, as one of the presently recognized 
species of the genus. 

TENTATIVE IDENTIFICATION OF ISOLATES.—S. sclero- 
tiorum.—Isolates were tentatively identified as S. 
sclerotiorum on the basis of sclerotium size and host 
association. Almost all isolates so identified were of 
the large-sclerotium type (3-10 * 3-7 mm), but ascus 
and ascospore measurements were similar to those 
given for S. sclerotiorum (9, 21), S. intermedia (20), 
and S. minor (14). 

One isolate from diseased lettuce differed consider- 
ably from all others. Sclerotia were large, irregular, 
and of a punky consistency not previously described. 
Abundant aerial brown mycelium was _ produced. 
Apothecia obtained from this isolate were whitish- 
cream in color with an irregularly shaped disc and 
a short stipe. On the basis of ascus and ascospore 
measurements, however, it was considered to be a 
variant of S. sclerotiorum. 

All isolates tentatively classified as S. sclerotiorum 
were placed in 3 cultural types on the basis of sclero- 
tium size and characteristics of mycelium on potato- 
dextrose agar at 18°C. A description of each type is 
as follows: Type 1. Sclerotia few, 3-10 X 3-7 mm, 
lenticular, black and hard at maturity with complete 
outer covering, interior white. Mycelium white and 
appressed to agar surface. Type 2. Sclerotia many, 
2-7 X 2-4 mm, usually spherical, black and hard at 
maturity with complete outer covering, interior white. 
Mycelium white and aerial, not appressed to agar 
surface. Type 3. Sclerotia few, 4-25 X 3-11 mm, 
irregular to elliptical and flattened, incomplete black 
outer covering exposing pink interior, punky and 
soft. Mycelium brown, not appressed to agar surface, 
tufted, and aerial. 

S. trifoliorum.—Since identification of S. trifoliorum 
usually has been based on its large sclerotia and on 
its pathogenicity to forage legumes, this was the basis 
adopted for identification of isolates studied herein. 
Several isolates from forage legumes were obtained 
from L. Henson and K. W. Kreitlow. All isolates 
studied were similar in cultural characteristics with 
only slight variation in sclerotial size and amount of 
surface mycelium. 

The isolates tentatively identified as S. trifoliorum 
may be characterized as follows: Sclerotia few to 
many, 2-10 X 2-5 mm, black and hard at maturity, 
interior white, mycelium white, appressed to agar 
surface. 
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S. minor.—ldentification of S. minor was based 
mainly on sclerotium size. Isolates with small sclerotia 
were tentatively identified as S. minor regardless of 
the host, and were characterized as follows: Sclerotia 
many, 0.5—4.0 X0.5-2.0 mm, black and hard at matur- 
ity, outer covering complete, interior white. Mycelium 
white, appressed to agar surface. 

S. intermedia—On the basis of sclerotium size, 
several isolates were tentatively identified as S. 
intermedia. These were later tentatively identified as S. 
sclerotiorum or S. minor, however, based on a compari- 
son of their ascus and ascospore measurements and 
sclerotial size with those given for S. sclerotiorum (9, 
21), S. intermedia (20), and S. minor (14). There 
have been very few reports concerning S. intermedia 
since it was described by Ramsey (20). This indicates 
that either the species is extremely rare, or that it has 
been identified by other workers as some other species. 


S. sativa.—An isolate of S. sativa was compared with 
isolates tentatively identified as S. minor and was found 
to be indistinguishable from S. minor as to sclerotium 
size and cultural characteristics. Apothecia of S. 
sativa were not obtained, however, and ascus and 
ascospore measurements could not be compared with 
those of the other isolates studied. Since this species 
has been reported only once, and ascus and ascospore 
measurements (10) were within the range reported for 
S. sclerotiorum (9, 21), it is probable that it is a 
variant of S. sclerotiorum rather than a distinct species. 

AscUS AND ASCOSPORE MEASUREMENTS FAIL AS 
CRITERIA FOR IDENTIFICATION.—Ascus and ascospore 
measurements were made from 19 original isolates of 
S. sclerotiorum, 10 of S. trifoliorum, and 8 of S. minor. 
It was found that there was no line of demarcation 
between the species studied. and certain isolates could 
have been placed in any 1 of the 3 species. For 
example, 3 isolates had very similar average ascus 
measurements (157.9 9.1 yp, 1516*89 yp, and 
157.3 X 11.1 «), yet would be identified as S. sclero- 
tiorum, S. trifoliorum, and S. minor, respectively, on 
the basis of host association and sclerotium size. 

Two to 3 single-ascospore generations were obtained 
from original isolates. and ascus and ascospore 
measurements obtained from these single-ascospore 
progenies differed as much as those of different 
original isolates. For example. average ascus measure- 
ments were 145.6 X 7.6 » for 1 original isolate of S. 
sclerotiorum and 153.2 < 8.2 » for the third ascospore 
generation. However, in the first ascospore generation 
the ascus measurements were 129.8 X 8.0 py; hence 
there was a difference of 23.4 » between the average 
ascus length of the first and that of the third ascospore 
generation. These differences are much greater than 
the difference of 3.0-8.0. between the average ascus 
lengths originally reported for S. sclerotiorum (22) 
and S. intermedia (20). or that of 6.0-11.0 » between 
those of S. sclerotiorum (22) and S. minor (14). The 
average ascus measurements of the original isolates 
and their subsequent single-ascospore progenies tenta- 
tively identified as S. sclerotiorum varied from 119.0- 
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162.4 < 6.4-10.9 » and the average ascospore measure. 
ments from 10.2-14.0 X 6.4-7.7 yp. 

Average ascus measurements obtained from original 
isolates and their subsequent single-ascospore pro- 
genies tentatively identified as S. trifoliorum varied 
from 151.0-195.0 X 8.7-10.9 «4 and the average asco. 
spore measurements from 13.7-16.3 X 8.0-10.0 py. The 
difference between the average ascus length of an 
isolate and that of the first ascospore generation of 
another isolate was 43.8 y, a greater difference than 
that of 29 »% between the average ascus length in the 
original descriptions of S. trifoliorum (11) and S, 
minor (14), or that of 25-30 yp between those of S. 
trifoliorum (11) and S. sclerotiorum (22). 

The average ascus and ascospore measurements of 
original isolates and their single-ascospore progenies 
tentatively identified as S. minor were similar and 
represented a variation of 139.3-171.0 X 8.8-11.1 y for 
asci, and 12.7-16.1 XK 6.3-7.4 yw for ascospores. The 
difference of 31.7 uw in the average ascus length was 
greater than that in the original descriptions which 
separated S. minor (14) from S. sclerotiorum (22) or 
from S. intermedia (20). The same relative range of 
variation was obtained for ascus and _ ascospore 
measurements in subsequent ascospore generations as 
that which occurred among the original isolates. 

The ascus length of the isolates tentatively identified 
as S. sclerotiorum, S. minor, and S. trifoliorum studied 
herein show a continuous gradation from 108.0 to 
220.0 » with no distinct break between species which 
would serve for purposes of identification. The 
measurements of the 3 species overlapped such that 
any isolate with ascus measurements between 130.0 
and 190.0 » could possibly fit into any 1 of the 3 
species. Furthermore, the ascus-length measurement 
given in the description of S. sativa (10) overlapped 
that given in the description of S. intermedia (20), and 
these measurements are also overlapped by the ascus- 
length measurements presented herein for S. sclero- 
tiorum. 

There was considerable overlapping in every case of 
the ascospore lengths of S. sclerotiorum, S. trifoliorum, 
and S. minor. For example, isolates which produced 
ascospores that ranged in length from 9.6-19.5 p could 
not be separated on the basis of ascospore length. 
The ascospore lengths given in the descriptions of S. 
sativa (10) and S. intermedia (20) also are within the 
range 9.6-19.5 » and hence could not be distinguisbed 
from ascospores of S. sclerotiorum, S. trifoliorum, or 
S. minor. 

CULTURAL VARIATION IN SINGLE ASCOSPORE PROGENY. 

‘Single-ascospore cultures were obtained from 
apothecia of all original isolates as previously de- 
scribed, and were compared with the parent culture 
grown at 18-21°C on agar slants made from the same 
batch of agar. Each single-ascospore culture was trans- 
ferred 2 or more times to potato-dextrose agar plates 
or slants; and if any variation was evident in the cul- 
ture from a single ascospore, many transfers were 
made to determine if the change in type was constant 
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and perpetuated. Slight cultural differences were dis- ing 7 single-ascospore cultures, 4 had white aerial 
regarded and only the more obvious ones were studied. mycelium and very large sclerotium-like masses and 3 
It was found that single-ascospore progeny in almost had very abundant brown aerial mycelium and large 
every instance resembled the parent in cultural type. irregularly shaped soft punky sclerotia which were 
even in the third generation. However, several single- incompletely covered with the characteristic black 
ascospore variants were obtained each of which differed rind. Single-ascospore cultures obtained from apothecia 
markedly from its parent in certain cultural and mor- produced by 3 cultures of the brown-mycelium type 
phological characteristics. resembled the parents. 

S. sclerotiorum.—The most pronounced variation in A brown-mycelium type similar to the brown 
cultural type occurred in single-ascospore cultures variants mentioned above was obtained from the field. 
from an original isolate that had been placed originally When single spored, this isolate yielded cultures 
in culture Type 1. From 25 single-ascospore cultures, similar to the parent from all apothecia except 1. 
18 were similar to the original isolate. Of the remain- Single-ascospore cultures from this apothecium were 





Fic. 1. Intergradation of sclerot:um size among certain Sclerotinia isolates and single-ascospore cultures: A) nonsclero- 
tial white type; B) nonsclerotial brown type; €) very-sm Il-sclerotium type of S. minor; D) small-sclerotium type 
typical of S. minor; E) S. sativa; F) intermediate type tentatively identified as S. minor: G) intermediate type tenta- 
tively identified as S. trifoliorum; H) intermediate type tentatively identified as S. sclerotiorum: 1) tentatively identified 
as S. trifoliorum with typical sclerotia; J) S. sclerotiorum; K) S. trifoliorum; L) S. sclerotiorum; M) the brown-mycelium 
type; and N) the large sclerotium-like mass white-mycelium typ 
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similar to the white-mycelium type described under 
culture Type 1. 

A sterile white-mycelium type and a sterile brown- 
mycelium type that formed neither spermatia nor 
sclerotia were obtained from isolates which were 
typical of S. sclerotiorum. These variants of S. sclero- 
tiorum were similar to the sclerotia-sterile types of S. 
minor and of S. trifoliorum reported by Balfe (1) 
and by Kreitlow (18), respectively. 

S. trifoliorum—No distinct cultural variants were 
observed among more than 500 single-ascospore cul- 
tures of S. trifoliorum. Sclerotial size varied from an 
intermediate size comparable to that reported for S. 
intermedia (20) to a sclerotial size of 2-7 * 2-5 mm 
similar to that reported for S. sclerotiorum (21). Ap- 
pressorial masses in contact with the glass of the test 
tube occurred in almost all cultures. The amount of 
these masses varied and was not considered to be 
significant for purposes of identification. 

S. minor.— About 200 single-ascospore cultures 
obtained from the 8 isolates were studied. In almost 
all cases, a single-ascospore culture resembled its 
parent in mycelial characteristics, but the sclerotia 
varied from approximately spherical with a diameter 
of less than 0.5 mm to large, irregular flattened ones 
with dimensions of 2-4 * 1-2 mm. 

INTERGRADATION OF SCLEROTIAL sizE.—Sclerotia of 
S. minor ranged in size from less than 0.5 mm in 
diameter to as large as those described for S. inter- 
media (20), S. sclerotiorum (21), or S. trifoliorum 
(18). Sclerotia of S. sclerotiorum varied from a size 
similar to those formed by S. minor (14) or by S. 
intermedia (20) to the large sclerotium-like masses 
formed by the white-mycelium types of S. sclerotiorum 
reported herein. Sclerotia of S. trifoliorum were similar 
to those of S. sclerotiorum. Sclerotial size of individual 
isolates was fairly constant, but there was consider- 
able variation among different isolates of the same 
species. There was an intergradation (Fig. 1) in 
sclerotium size from the nonsclerotium types to the 
large sclerotia of S. sclerotiorum with the intervals 
between filled in by S. minor, S. sativa, and S. tri- 
foliorum. Therefore, this character cannot be depended 
on with any degree of certainty for species determina- 
tion. For example, isolates which form sclerotia of an 
intermediate size (2-4 * 2-3 mm), may produce asci 
and ascospores which are similar in size to those 
reported for S. sclerotiorum (9, 21), S. trifoliorum 
(11), S. minor (14), or S. intermedia (20). 

Discussion.—The review of the literature concern- 
ing measurements of asci and ascospores summarized 
in Table 1 and the data presented herein illustrate the 
impracticability of assigning a specific designation to 
the species considered herein under the present 
system. Furthermore, fungi should be classified at 
the species level “for what they are, not for what 


they do or where they occur” (24). 

Bisby (4, p. 42) has pointed out that the taxonomist 
has 2 aims: “l) to arrange his categories of species, 
genera, families and so on so as to facilitate identifica- 
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tion, and 2) to attempt a ‘natural’ arrangement”. 
Under the present taxonomic arrangement of the 
species considered herein, neither of these aims has 
been achieved. Identification is not facilitated, and 
natural arrangement has not been attained. 

Article 4 in the International Rules of Botanica] 
Nomenclature (4, p. 60) states that, “The essen. 
tial points in nomenclature are: 1) to aim at fixity of 
names; 2) to avoid or to reject the use of forms and 
names which may cause error or ambiguity or throw 
science into confusion. Next in importance is the 
avoidance of all useless creation of names.” 

S. sclerotiorum, S. trifoliorum, S. trifoliorum yar. 
fabae, S. intermedia Ramsey, S. minor, and S. sativa 
constitute a natural group characterized by the 
presence of true sclerotia, i.e. consisting only of fungus 
tissue, and by the absence of conidia. Previously sug- 
gestions have been advanced that S. trifoliorum and 
S. minor may be synonymous (25) and that S. inter. 
media and S. minor differ from S. sclerotiorum only 
in characters that “cannot be considered as possessing 
specific value” (6). It has been shown herein that 
there is continuous variation in sclerotium size and in 
ascus and ascospore dimensions such that within this 
group it is impossible to set up definite species limits 
within which all isolates can be placed with any degree 
of certainty. It is therefore proposed that the 5 above- 
named species and the variety of S. trifoliorum be 
placed in synonymy and that on the basis of priority 
the binomial Sclerotinia sclerotiorum (Lib.) D By. 
apply to small-, intermediate-, and large-sclerotium 
isolates regardless of the host involved, as follows: 

Sclerotinia sclerotiorum (Lib.) D By. 

Synonyms: 

Peziza sclerotiorum Lib., Cryt. Ard. No. 326. 1837. 

Peziza sclerotii Fckl., Bot. Ztg. 35: 249. 1861. 

Peziza ciborioides Hoftm., Icon. Anal. Fung. 3: 65. 
1863. 

Peziza coemansii Kickx, Fl. Cryto. Fland. 1: 485. 
1867. 

Peziza Kauffmanniana Tichomirow, Bul. Soc. Nat. 
Moscow 61: 295. 1868. 

Sclerotinia libertiana Fckl., Symbolae Mycologicae 
331. [1870]. 

Rutstroemia homocarpa Karst., Mycol. Fenn. 1: 


107. 1871. 

Sclerotinia ciborioides Rehm, Ascom. No. 107. 
1872. 

Phialea sclerotiorum Gill., Discom. France 98. 
1879. 


Sclerotinia trifoliorum Ericks., Kgl. Landtbr.- 
Akad. Handl. Tid. 19: 28. 1880. 

Peziza postuma Berk. & A. S. Wilson, Gard. 
Chron. 20, N.S.: 333. 1883. 

Sclerotinia sclerotiorum (Lib.) D By., Vergl. 
Morph. Biol. der Pilze, Mycet. Bact. 216. 1884. 

Hymenoscypha sclerotiorum Phill., Man. Brit. 


Discom. 115. 1887. 














Au 


hea = THe ya * we Dp 


ee ee. ee. 


con 
tha 


sub 


mir 
or 

par 
scle 
um 














August, 1955 | 


PURDY: 


Sclerotinia minor Jagger, Jour. Agr. Res. 20: 331. 
1920. 
Sclerotinia intermedia 
14: 323. 1924. 
Sclerotinia trifoliorum Ericks. var. fabae Keay, 
Ann. Appl. Biol. 26: 227. 1939. 
Sclerotinia sativa Drayt. & Groves, Mycologia 35: 
517. 1943. 
Description: Apothecia 1 to many from a single 
sclerotium, funnel shaped to discoid to reflex, 0.5 
mm to 2 or more cm in diameter, light to dark in 
color. Asci 8 spored, cylindrical to cylendro-clavate 
81.0 to 252.2 by 4.3 to 22.4 pe Ascospores eliptical to 
ovoid, hyaline, unicellular, 6.0 to 28.2 by 2.0 to 15.2 
Paraphyses filiform, hyaline. Spermatia globose. 


Ramsey, Phytopathology 


pe ; é 
Sclerotia, if present, punky to hard, black exterior, 


white to pink interior, minute to several cm in size. 
Mycelium white to chocolate brown. 

Habitat: Attacks a wide variety of monocotyledenous 
and dicotyledenous hosts in the field and in storage 
and has been reported from almost all parts of the 
world, but is mainly a temperate zone inhabitant. 


When situations arise in which it is of some practical 


convenience to designate sclerotium size, it is proposed 
that the horticultural variety be employed for such 
subspecific designations as suggested by Snyder and 


Hansen 


(24). For example, the former species S. 


minor would be referred to as S. sclerotiorum “Minor” 


or 


S. sclerotiorum “Intermedia.” depending on the 


particular interpretation of the sclerotium size. Large- 


sclerotium types would be referred to as S. sclerotior- 
um “Major”. 
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THE INFLUENCE OF CERTAIN 


ENVIRONMENTAL FACTORS ON 
EXPRESSION OF RESISTANCE TO BUNT IN WHEAT! 


R. B. Griffith.* F. P. Zscheile. and J. W. Oswald 


SUMMARY 


Postemergence environment had a pronounced ef- 
fect on the relative resistance of wheat to bunt, 
caused by Tilletia caries (DC.) Tul. Only 21 per 
cent of the Baart (susceptible variety) plants and 
none of the Baart 38 (resistant variety) plants, al- 
though heavily invaded by smut mycelium when 
transplanted to the field in May, were bunted at 
maturity. Comparable Baart plants grown to ma- 
turity in the laboratory, with a 20-hour light-period 
from fluorescent lights, were 100 per cent bunted 
in repeated experiments. No bunt balls were found 
on any Baart 38 plants grown under these condi- 
tions, but chlamydospores were detected micro- 
scopically within normal-appearing seeds. Ninety 
per cent of the inoculated Baart plants grown to 
maturity at 10-13°C with a 20-hour light-period 
from incandescent bulbs were bunted. Under these 
conditions 58 per cent of the inoculated Baart 38 
plants developed visible manifestations of infection 
at maturity. 


Variations were noted in growth of the inoculated 
Baart and Baart 38 plants under the various arti- 
ficial environments. No variations were noted in 
field-grown plants. Under warm conditions and 
fluorescent lights, inoculated Baart and Baart 38 
plants were stunted in early stages of growth; at 
maturity the inoculated Baart plants were shorter 
than the controls and the inoculated Baart 38 plants 
were equal in height to the controls. When grown 
at 10-13°C under incandescent lights, the inoculated 
Baart plants were equal in height to the controls 
during early stages of growth but were shorter at 
maturity; the inoculated Baart 38 plants were 
slower growing, slower maturing, and shorter at 
maturity than were the controls. 

Resistance in Baart 38 was shown to be con- 
nected with an inhibition of chlamydospore develop- 
ment rather than with an inhibition of vegetative 
growth of the fungus within the wheat plants, as 
formerly supposed. 





Extreme variability exists in the infection level (as 
measured by bunt-ball formation) of Tilletia caries 
(DC.) Tul. in field-grown susceptible varieties of 
wheat. This variability is apparent from year to year. 
in plantings made at different times in the same year. 
and in adjacent rows planted at the same time. In 
studies concerned with the nature of resistance of 
certain wheat varieties to 7. caries, this variability 
presented a complicating factor. The results pre- 
sented here were obtained during a search for con- 
trolled experimental conditions which would permit 
an expression of complete susceptibility in the sus- 
ceptible variety and complete resistance in the derived 
resistant line. A preliminary account of the work has 
been published (2). 

Reichert (7) pointed out that workers in different 
areas using the same host varieties and apparently the 
same collections of the bunt fungus have obtained 
different reactions. He suggested that this may be due 
to the influence of climatic factors on the pathogen, but 
did not rule out the possibility that environment might 
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affect the capacity of the host to resist the pathogen. 
Rodenhiser and Holton (8) considered that environ- 
mental factors affect the host rather than the patho- 
gen. Pugsley (5) found expression of resistance to 
bunt partially dependent on environmental conditions. 

Faris (1) concluded that postemergence environment 
(following infection) had little effect on the percentage 
of bunted plants. Smith (12) studied the effect of 
temperature on the reaction to bunt of the wheat 
variety Hope in an attempt to explain the field obser- 
vation that this variety is resistant to all races of 
bunt when spring-grown but susceptible when winter- 
grown. He found that Hope was almost completely 
resistant when grown to emergence at 9°C and then 
transferred to 21°C, whereas it was completely 
susceptible if grown to maturity at 9°C. 

Rodenhiser and Taylor (10) concluded that varia- 
tion in the interrelationship between soil type and 
incubation temperature may account for seasonal 
differences in response of a variety to a certain race 
of the smut fungus and for inconsistencies in the 
reaction of a variety when tested at different places. 
The same authors (9, 11) reported an effect of day- 
length on bunt in wheat. In general, the use of a 
24-hour light-period increased the percentage of bunt. 
This effect was definite with some races, but with 
other races there was practically no effect on the level 
of infection. 

MATERIAL AND METHODS.—Baart was used as the 
susceptible variety and Baart 38 as the _ resistant 
variety. Baart 38 was derived by Briggs (15) from 
Baart by the backcross method. These varieties are 
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essentially isogenic (14) except for specific characters 
transferred. The MM, 
ebtained from the variety Martin. The race of Tilletia 


gene for resistance, was 
caries was T-l. 

The bunt balls used for inoculation were obtained 
from a single infected plant of Baart. To decrease 


variability within a given experiment, singie-plant 
lines of the susceptible and resistant varieties were 
used (different single-plant lines were used in different 
experiments). In all experiments, inoculated and 
noninoculated plants of each variety were grown. 

Seeds and bunt balls were surface sterilized under 
vacuum with 5 per cent sodium hypochlorite solution 
for 10 minutes. After a thorough washing in sterile 
water, 6 bunt balls were placed in a sterile 6-in. test 
tube and crushed. Fifty moist seeds, also thoroughly 
washed with sterile water, were then placed in the 
test tube; then the tube was plugged with sterile 
cotton and shaken. This method resulted in a heavy 
deposition of chlamydospores on the moist seed. 

In the usual planting procedure, pots or flats were 
filled to within 2 in. of the top with air-dry soil, 
water was added to bring the soil to field capacity, and 
an aluminum foil cap was placed over the top prior 
to sterilization in an autoclave at a pressure of 15 lb. 
per sq. in. for 3 hours. After cooling to room tempera- 
ture, seeds were placed on top of the soil and covered 
with 2 in. of vermiculite (an inert micaceous flaky 
mineral) which had been brought to its maximum 
water-holding capacity prior to sterilization under 
the same conditions. The aluminum foi! was replaced 
and left on the pots or flats until emergence of the 
seedlings. This prevented moisture loss during germi- 
nation and watering was not necessary until several 
days after emergence. 

The germination temperature for all experiments 
was 10°C, a favorable temperature for infection of 
the young seedlings (3). Following emergence of the 
coleoptile tip from the vermiculite, the plants were 
removed immediately from the cold room, or were 
left in the cold room for several days. In the latter 
case, light was provided for 12 hours per day from 
100-watt blue incandescent lights placed 20 in. from 
the surface of the vermiculite. The light intensity 
was about 200 ft.-candles and the air temperature 
during the light period was 13°C at the surface of the 
vermiculite. 

These methods of inoculation and germination re- 
sulted in a very uniform high level of initial infection, 
as indicated by examination of coleoptiles stained with 
dilute cotton blue (6). 

Soon after emergence the seedlings were placed in 
1 of 4 environmental conditions: 1) a warm room, 2) 
the cold room in which the plants germinated, 3) the 
greenhouse (little control of temperature and none 
of light-period), or 4) the field. The plants grew to 
maturity under these conditions. 

The warm room had forced-air ventilation but no 


control of temperature. Light was provided by a 
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panel of eight 40-watt fluorescent tubes, mounted on 
a 27 X 50-in. panel of plywood painted with aluminum 
paint. White and daylight tubes were mounted 
alternately on the panel. The light intensity was 250 
ft.-candles 2 ft. from the panel and 900 ft.-candles near 
the tubes. The height of the panel was adjusted to 
give an intensity of about 500 ft.-candles near the top 
of the plants during most of their growth. The light 
period was 20 hours. The temperature averaged about 
22°C with extremes of 18° and 30°C for short periods. 

Plants grown to maturity in the cold room (10°C) 
were under blue incandescent lights for 16 days after 
emergence. These lights were then replaced with 
200-watt clear incandescent lights and a 20-hour 
light-period was used instead of one of 12 hours. 

In the search for fungus mycelium or chlamydo- 
spores in plants beyond the seedling stage, a dilute 
cotton blue stain (6) was used as an aid in the 
determination of the extent of initial infection in 
coleoptiles. Samples also were taken of the growing 
point or head region of the plants at various stages of 
growth. These samples were killed in Karpechenko’s 
solution (6) and run up to 70 per cent ethanol. Johan- 
sen’s tertiary butyl alcohol method (4) was used for 
final embedding in 56-58°C tissuemat. Transverse and 
longitudinal sections, cut 12-20, thick, were stained 
with magdala red-light green (6). In all cases tissues 
from noninoculated and inoculated plants were 
mounted on the same slides for comparison purposes. 

In most experiments bunt counts were made when 
the seeds were in the late dough stage. A plant was 
considered bunted if a single bunt ball was found. 
Each seed was examined individually and in most 
instances was cut open in a visual search for chlamy- 
dospores. 


ResuLts.—Chlamydospores detected microscopically 
in resistant plants grown in warm room.—lIn early 
experiments in which plants with coleoptiles emerging 
were moved from the cold room to the warm room, 
leaves emerged with difficulty from the coleoptiles of 
inoculated plants and in some cases mortality resulted. 
No such difficulty was observed in the case of noninoc- 
ulated plants. Since this difficulty was also noticed in 
field-grown plants, it may be common with inoculated 
plants, but perhaps it was intensified by these 
experimental conditions. 

In some of these plants, the coleoptiles were so 
tightly curled that the leaves were unable to emerge 
from the tip of the coleoptile in the normal manner. 
In extreme cases only the tip of the first true foliage 
leaf emerged from the tip of the coleoptile. The 
remainder of this leaf, other leaves, and the stem 
remained for a time within the coleoptile. As growth 
progressed, the developing tissues were compressed 
until sufficient pressure was developed to split the 
coleoptile and permit leaf emergence. Frequently 
this split occurred near the base of the coleoptile 
below the surface of the soil or vermiculite. Then 


because the food reserves in the seed often were 
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exhausted before the leaves could reach the soil 
surface and photosynthesize food to support growth, 


the plant died. Plants also were found in which the 


pressure and/or distortion had resulted in a complete 
rupture of the stem. All gradations occurred between 
this extreme and the other in which only the tip of 
the first leaf was retained by the coleoptile but the 
remainder of this leaf and the other leaves split the 
coleoptile below the tip and emerged more or less 
normally. In the latter instance very little damage to 
the plant was apparent. 

Chlorotic flecking and malformation of the leaves 
(Fig. 1) were found occasionally in noninoculated 
plants but were much more prevalent in the inocu- 
lated plants (Table 1). This flecking condition seldom 
was found in any but the first 2 or 3 leaves of the 
plant and was most commonly associated with vascula 
bundles, although mesophyll areas also were affected. 

In later experiments it was found that these difficul- 
ties could be eliminated by leaving the plants in the 
cold room until after the first 2 or 3 leaves had 
emerged from the coleoptile. 

Inoculated plants of both resistant and susceptible 
varieties were much smaller in early stages of growth 
than were the comparable noninoculated plants. In 
later stages of growth the inoculated resistant plants 
became as large at maturity as the noninoculated 
plants of both varieties. The inoculated susceptible 
plants, however, remained smaller than plants of the 
other 3 classes throughout their growth cycle. There 


Table 1.—£ffect of Tilletia injection on susceptible and 
resistant wheat plants grown for 14 days in warm 
room after emerging in the cold room 


Susceptible Resistant 
(Baart) ( Baart 38) 
Noninocu- Inocu- Noninocu- Inocu- 
lated lated lated lated 
otal plants 61 153 60 153 
Plants with tight coleoptile 1 119 l 105 
Plants with spotted 
chlorotic leaves 0 86 0 103 
Dead plants 0 2 0 4 
Plants with malformed 
leaves ] a3 0 37 
(\verage distance from 
seed to leaf tip (cm) 12 27 32 23 


was little difference in time of maturity among the 
1 classes of plants (susceptible and resistant. inocu- 
lated and noninoculated). 

\t maturity every inoculated Baart plant (a total 
of 159 in 3 experiments) that produced a head also 
produced bunt balls and was classed as bunted. On 
the other hand, no bunt balls were found on any of 
142 inoculated Baart 38 plants which produced heads, 
One hundred eight Baart and 103 Baart 38 noninocu- 
lated plants were grown to provide adequate compari- 
son between infected and noninfected plants. A 
composite summary of the results in 2 of these 3 
experiments is given in Table 2. Under these conditions 
there was complete susceptibility of the susceptible 





Fic. 1. Wheat seedlings illustrating leaf abnormalities caused by Tilletia infection. Left—Normal resistant Baart 38 
plant on left and an inoculated one with tight coleoptile on the right. The individual leaves had the chlorotic flecking 
characteristic of inoculated plants. Right—two inoculated susceptible Baart plants with tight coleoptiles. 
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Taste 2.—Harvest and disease data on inoculated and 
noninoculated susceptible and resistant plants grown 
to maturity in warm room 


Susceptible Resistant 
(Baart) (Baart 38) 
Noninocu- Inocu- Noninocu- Inocu- 
lated lated lated lated 
Number of plants 
harvested 16 60 14 57 
Number of bunted 
plants 0 60 0 0 
Average number of bunt 
balls per plant 0 6.7 0 0 
Average number of seeds 
per plant 2.9 0 a4 4.2 
Average height of 
plants (cm) 38 33 38 4l 


Baart variety and apparently complete resistance of 
Baart 38. 

In this experiment the 
could be demonstrated easily in the coleoptiles of 
practically all inoculated plants of both the susceptible 
and resistant varieties after 
temperature. In most cases typical fungus mycelium 
also could be found in the first true foliage leaf. It 
was thought that differences with 
presence of mycelium would be evident between the 


presence of the fungus 


emergence at a low 


respect to the 


susceptible and resistant varieties in the early stages 
of growth; therefore few samples were taken in this 
experiment as the plants approached maturity. 

Since it had been assumed that the fungus growth 
probably was suppressed at the time the inoculated 
Baart 38 plants grew out of their early stunted condi- 
tion, it was a surprise to find chlamydospores in the 
centers of seeds from 2 of the 3 Baart 38 plants 
examined microscopically in the advanced heading 
stage (Fig. 2, C, D). It is evident (Fig. 2) that more 
of the volume of the kernel is occupied by spores in 
in that of Baart 38 and that 
mature than in Baart 38. This 
difference is presumably due to some measure of 
resistance still being expressed by Baart 38. 


the case of Baart than 


more of these are 


Although each seed from 142 other plants grown 
under these conditions was examined individually for 
chlamydospores, usually by cutting the seed open, no 
chlamydospores had been detected macroscopically. 
Further work is in progress to determine the prev- 
alence of chlamydospore formation in the seeds of 
inoculated resistant plants. 

Break-down in the resistance of Baart 38 when plants 
are grown to maturity in cold room.—In contrast with 
growth in the warm room, the height of the inoculated 
plants of both varieties in the cold room was the same 
as that of the noninoculated ones in early stages of 
growth (Fig. 3). Close examination of the plants of 
both from the cold room shorter 
internodes on the inoculated Baart 38 plants. In later 
stages of growth the inoculated Baart 38 plants lagged 
behind the other 3 classes of plants and matured much 
later. Since the noninoculated Baart 38 plants matured 


varieties showed 
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at the same time as the Baart plants, the delay in 
maturity of the inoculated plants was presumably 
a response of the resistant variety to infection under 
this set of environmental conditions. 

All plants were flowering 113 days after emergence 
of the seedlings. At this time the inoculated Baart 
38 plants were distinctly shorter than those of the 
other groups, and were just coming into full flower. 
Completely and partially blasted heads were visible 
on some of the inoculated Baart 38 plants and an ex- 
amination macroscopically and microscopically of 10 
ovules from as many plants showed the development 
of chlamydospores and immature bunt balls. The 
plants were allowed to mature and were harvested 
138 days after emergence, when the disease records 
were taken (Table 3). It is interesting to note that at 
harvest the noninoculated plants of the 2 varieties were 
equal in height and that they were appreciably taller 
than the corresponding inoculated plants. 

Ninety per cent of the inoculated Baart (susceptible) 
and 58 per cent of the inoculated Baart 38 (resistant) 
plants with heads produced bunt balls or blasted heads. 
Unfortunaiely there was almost no seed production 
on the noninoculated plants. This complicated numer- 


ical interpretation of the results. The 3 heads of 
inoculated Baart which were not bunted (though 


(Table 3) may have been on tillers 
produced on plants sampled for histological examina- 
tion, plants which had not retained their primary 
shoots. The bunt balls found on Baart 38 plants were 
smaller than those on Baart and are suggestive of the 
atypical bunt balls described by Smith (13) on the 


empty of seed) 


variety Martin infected with race T-2 of the bunt 
fungus. Thus there was a severe breakdown in the 


resistance of the resistant variety, and for the first 
time a macroscopic destruction of tissues (blasted 


heads) was evident. 


TaBLe 3.—Harvest and disease data on inoculated and non- 
inoculated susceptible and resistant plants grown to 
maturity in the cold room. Plants were harvested 
138 days after emergence 


Susceptible Resistant 


(Baart) (Baart 38) 
Noninocu- Inocu- Noninocu- Inocu- 
lated lated lated lated 
Total number of plants 32 31 33 31 
Average Height (cm) 80.5 66.9 77.3 68.9 
Total number of heads 32 31 32 29 
Heads with bunt balls 28 15 
Heads with whole seed 0 0 1 2 
Completely empty heads 29 3 29 13 
Percentage of heads 
bunted 90 52 
Total number of 
blasted heads 0 0 1 3 
With bunt balls 0 0 l ] 
Without bunt balls 0 0 0 2 
Total number of 
whole seeds 0 0 ] 2 
Total number of 
bunt balls 254 47 
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Partial breakdown in resistance of Baart 38 obtained plants were grown to maturity in the greenhouse. At 
in the greenhouse—Among the plants grown in the _ the 1- to 2-leaf stage, mycelium was found abundantly 
greenhouse after emergence in the cold room, the’ in the coleoptiles of 4 inoculated plants of each 
effects of infection on growth characteristics were variety. At maturity, 16 of 20 inoculated Baart plants 
similar to those obtained in the cold room, and some were bunted. No bunted plants were found in the 
plants of inoculated Baart 38 were bunted. other 3 classes of plants. 


In the frst experiment urder these conditions. the In the second experiment, plants were grown in the 
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Fic. 2. A microscopic comparison of chlamydospore formation in susceptible and resistant kernels in the warm room. 
Cross-section views of chlamydospores found in comparable kernels from wheat plants, 50 days after emergence. A and 
C indicate the relative maximum sizes of the spore areas and abundance of chlamydospores in susceptible and resistant 
strains, respectively. B and D present more detail at higher magnification. A) Baart “kernel,” recognizable as a black 
bunt ball. Note the large number of mature chlamydospores. Magnification 125. B) Same as A, but magnification 400. 
C) Baart 38 kernel, with normal healthy exterior appearance. Chlamydospores were not visible until the section was 
stained. Note the smaller total number of chlamydospores and the imr iturity of most of them. Magnification 125. D) 
Same as C, but magnification 400. 
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warm room for 11 days and then transferred to the 
greenhouse. At the time of transfer to the greenhouse 
the inoculated plants were very small and weak. The 
inoculated Baart plants recovered rapidly and were 
soon equal in growth to the noninoculated plants. The 
inoculated Baart 38 plants grew more slowly and 
matured about 3 weeks later than the other 3 classes 
of plants. This growth pattern for the inoculated 
Baart 38 plants also was noted in the first greenhouse 
experiment and in the cold room. 

At maturity all of 15 inoculated Baart plants were 
well bunted. On each of 2 of the 17 inoculated Baart 
38 plants, a single bunt ball was produced. 

The growth response and partial breakdown in the 
resis‘ance of inoculated Baart 38 plants in the green- 
house are of special interest in that they are inter- 


mediate between those responses resulting from 








Fic. 3. Comparative growth of infected and noninfected 
plants 32 days after emergence of plants from vermiculite. 
Pots left to right in each picture: noninoculated Baart 
(susceptible), inoculated Baart, noninoculated Baart 38 
(resistant), and inoculated Baart 38. Infection reduced 
height in the warm room (upper), but not in the cold 
room (lower). 
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growth in the warm and cold rooms. 


Low bunt count obtained in field-grown Baart.—It 
has been generally assumed that a low percentage of 
bunted plants in a susceptible variety grown in the 
field is caused by failure of some of the plants to 
become infected. If this is true, production of suscep- 
tible seedlings under conditions that permit a very 
high and uniform level of initial infection, with no 
escapes, should result in all plants being bunted when 
transplanted and grown in the field. 

To test this, seeds were inoculated as previously 
described and sown in flats. At the time the seedlings 
emerged, the plants were removed from the cold room 
and after a conditioning period in the laboratory, were 
transplanted to the field on May 23, 1951. As a 
consequence of the late planting, the plants were 
grown abnormally late in the season. At the time of 
transplanting, a large percentage of the inoculated 
plants of both varieties had the tight coleoptile which 
undoubtedly contributed to a rather high mortality. 
Histological examination of the plants at this time 
showed a very high and uniform level of initial 
infection among the inoculated plants of both varieties. 

Growth rates for all 4 classes of plants were very 
similar, and no significant growth differences were 
noted among the 4 classes at maturity. Each plant 
was harvested separately and each kernel was ex- 
amined closely for bunt balls. Bunt balls were detected 
on only 9 out of 42 inoculated Baart plants and none 
were found on the other 3 classes of plants. On these 
9 plants, 8 totally bunted heads and 4 partially bunted 
heads were found among a total of 34 heads. The main 
tiller was bunted in only 2 of the 9 plants. The low 
percentage of bunted plants indicates a relatively high 
level of “resistance” even in the susceptible plants 
when grown under this particular set of environmental 
conditions. Forty-six comparable inoculated Baart 
plants grown simultaneously to maturity in the 
warm room were completely bunted—a further indi- 
cation that initial infection had been complete. 

These results indicate that much of the variability 
in the percentage of bunted plants obtained in the 
regular bunt nurseries from year to year may be 
explainable on the basis of postemergence environ- 
mental factors rather than on lack of initial infection. 

Discussion.—This study indicates that the expres- 
sion of resistance to bunt in Baart (susceptible) and 
Baart 38 (resistant) is influenced considerably by 
environmental factors. Controlled experimental con- 
ditions were found which permit an expression of 
complete susceptibility in the susceptible variety and 
complete resistance in the derived resistant line (as 
measured by bunt-ball formation). The experimental 
conditions were not sufficiently varied to permit 
quantitative evaluation of the environmental factors 
involved. Expression of the resistant factor(s) is con- 
sidered to be confined to the period of fruiting of the 
bunt fungus. Chlamydospore formation may be com- 
pletely or only partially inhibited. The finding of 
chlamydospores in apparently normal kernels of a 
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resistant variety extends the earlier observations of 
Woolman (16) who reported that both susceptible 


and resistant varieties were equally invaded by 7. 
caries but that fungus could rarely be found in tissues 
other than those of the coleoptile and first 2 leaves. 


This discovery poses the question wheiher these 
internal chlamydospores are capable of bringing about 
infection of the plants produced by such “infected” 
seeds. This possibility should be checked in further 
work. We concur with Woolman’s conclusions on the 
difficulty of finding the fungus mycelium in older 
tissues. 

The behavior of Baart 38 in relation to temperature 
is similar to that of the variety Hope. as described 
by Smith (12). He reported decreased resistance to 
bunt when low temperatures followed emergence. Hope 
exhibits greater resistance when sown in the spring 
than when grown as a winter wheat. More recently 
Pugsley (5) reported completely bunted heads com- 
mon on _ susceptible families of wheat but only 
partially bunted heads and kernels on resistant plants. 

The differential growth response of inoculated plants 
of the 2 varieties varied with the environmental con- 
ditions under which the plants were 
slower early growth and delayed maturity of the 
inoculated Baart 38 plants were associated with green- 
house conditions which also resulted in some break- 
down in bunt resistance. Delayed maturity of 
inoculated Baart 38 plants resulted also from growth 
at continuous low temperatures. The production of 
blasted heads and bunt balls in the inoculated resistant 
plants indicates that this slower growth and delayed 
maturity were probably direct effects of the fungus. 


grown. The 


resultant from an increased degree of susceptibility 
on the part of the host. 
The apparent recovery of the inoculated Baart 38 
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plants during later stages of growth in the warm 
room may indicate an increase in the relative resist. 
ance of the plants under this set of environmental 
conditions. All differential growth responses noted 
for the inoculated plants were caused by infection. 
since noninoculated plants showed no such responses, 
Because of the wide variability found in field-grown 
material, controlled environmental 
highly desirable, and perhaps a necessity, for deter- 
mining the fundamental reasons for resistance. 


conditions are 


The present study indicates that a thorough knowl- 
edge of host-parasite-environment relationships is a 
necessary first step in the determination of the mecha- 
nism of resistance. Thus, the possibilities of finding 
a biochemical basis for resistance of wheat to bunt 
during the vegetative stage of growth of the wheat 
plants would now seem remote unless further work 
reveals environmental conditions that allow expression 
of the resistant factor(s) during vegetative stages of 
the wheat plant. 

Expression of resistance of Baart 38 apparently is 
connected with an inhibition of chlamydospore de- 
velopment by 7. caries in this variety rather than 
with lack of vegetative development of the fungus, as 
shown by the finding of chlamydospores in seeds which 
macroscopically appeared not to be bunted. Bunted 
plants of Baart 38 have bunt balls that are much 
smaller than those on comparable Baart plants, indi- 
cating a low residual expression of resistance, even in 
“resistant” plants on which the kernels obviously have 


been displaced by chlamydospores. 
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FUSARIUM WILT OF CUCUMBER ! 
John H. Owen ? 


SUMMARY 


A destructive Fusarium wilt of cucumber causes 
damping-off of young seedlings and a typical vascu- 
lar wilt of older cucumber plants. In cross-inocula- 
tion tests on seedlings of cucumber, watermelon, 
and muskmelon, this Fusarium from cucumber and 
one from watermelon were highly pathogenic on 


their original hosts. The Fusarium from cucumber 


was also highly pathogenic on muskmelon and 
slightly pathogenic on watermelon seedlings. The 
Fusarium from watermelon infected seedlings of 


some varieties of muskmelon,. but not of cucumbers. 





Fusarium wilt of cucumber has become well estab- 
lished and widespread in the Sumter County, Florida, 
Weber (16) stated in 
cucumber occurred in 
It was first ob- 


area during the past 6 years. 
1925 that Fusarium wilt of 
Florida but that it was not common. 
served by growers in the 1948 fall crop, and the first 
reports of severe losses were made during the 1949 
spring season. 1949 the become 
progressively worse, forcing growers to move to newly 
cleared land after their soil had become infested with 
the wilt fungus. Although Fusarium wilt of cucumber 
has been observed previously in Florida and in other 
states, this is the first account of extensive 
caused by the fungus in the United States. 


Since disease has 


losses 


Selby (9) in 1898 reported a wilt of garden cucum- 
ber (Japanese climbing cucumber) and believed it to 
be similar to the Fusarium wilt of watermelon. In 
1911 Stone (12) observed a Fusarium wilt on green- 
house cucumber in Massachusetts but made no further 
study of the disease. Weber (15) stated in 1924 that 
a Fusarium wilt of cucumber occurred in Denmark and 
was caused by Fusarium vasinfectum. In 1943 van 
Koot (14) described a foot rot and wilt of cucumber 
in Holland and characterized the Fusarium species 
isolated from diseased plants as “Fusarium solani and 
its var. martti, F. orthoceras and its var. longius, and 
F. angustum.” Behr (1) in 1948 reported a wilt of 
cucumber in Germany caused by several species of 
Fusarium. The same year, Loest (5) observed a Fu- 
wilt of cucumber in South Africa. F. oxy- 
f. niveum was reported by Roll-Hansen (8) 


sarium 
sporum 
in 1949 as causing a severe wilt of greenhouse cucum- 
bers in Norway. He also stated that F. oxysporum was 
isolated from the interior of cucumber seedlings with- 
out external symptoms. The symptoms described in 
most of these publications indicated that wilt was a 


result of cortical rot and not of a vascular Fusarium. 

Results of studies of the 
Florida and of the pathogenicity of the fungus are 
A preliminary report has been 


disease as it occurs in 
given in this paper. 
published (7). 

The wilt fungus attacked the cucumber 
Damping-off of 


SYMPTOMS. 
plant at all stages of development. 


1 Accepted for publication March 17, 1955. 
“ Associate Professor of Plant Pathology, University of 
Florida, Gainesville, Florida. 


young seedlings was common and often very severe on 
heavily infested soil. Three to 5 days after emergence 
young infected seedlings became dull green and 
damped-off (Fig. 1, A). The disease was similar to 
that produced by many of the damping-off fungi, with 
the infected roots becoming tan-colored and the young 
seedlings toppling over and dying. Pre-emergence 
damping-off occurred in soil infested with the Fu- 
sarium from cucumber. Infection of older plants 
which had not yet developed runners usually resulted 
in the wilting of the entire plant (Fig. 2). On more 
mature plants with runners, a single crown branch 
occasionally wilted, followed by the wilting of the 
entire plant. Wilting occurred over a period of 3-5 
days with the infected plant often partially reviving at 
night and wilting in the middle of the day during the 
early stages of the disease. Finally, the runner or the 
entire plant collapsed rapidly. 

A tan discoloration of the vascular bundles often 
extended into the vine for 6-8 nodes (Fig. 1, B). In 
advanced cases, the main roots usually had a light tan 
discoloration. 

ECONOMIC IMPORTANCE.—Approximately 800 acres 
of cucumbers are grown in the Sumter County area an- 
nually, mainly as an early spring crop. Observations 
of the disease made in 1949 by W. B. Tisdale showed 
that stands in some fields were so poor that they were 
plowed under and the fields replanted, while losses in 
other fields ranged from 1-40 per cent. On newly 
cleared land the disease appeared only in scattered 
spots toward the end of the season. The fungus may be 
introduced into the new soil from the old infested 
fields through the movement of equipment and labor- 
ers. 

Cucumber plants grown on infested soil for the 
second or third consecutive season often exhibited 
25-70 per cent infection by the time of the first pick- 
ing. In these fields the plants in entire rows and in 
large sections of the field became infected and died. 

PATHOGENICITY OF THE FUNGUS.—Tests were made 
on the pathogenicity of the Fusarium from cucumber 
on cucumber seedlings. Since the Fusarium from 
watermelon, Fusarium oxysporum f. niveum (E. F. 
Sm.) Snyd. & Hans., was the only cucurbit Fusarium 
wilt fungus commonly found in Florida, cross-inocula- 
tion experiments were conducted on various cucurbit 
hosts with this fungus and the Fusarium from cucum- 
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ber in an attempt to determine the relationship of these of steam-sterilized soil. Fifteen seeds of 1 vi riety were 
2 fungi. Isolates of the Fusaria from cucumber and plented in each of 3 po's: 1 containing soil infested 
watermelon were made from the stems of wilted cu- with the cucumber fungus, 1 containing soil infested 
cumber and watermelon plants, respectively. Inocula with the watermelon fungus, and | containing sterile 
containing heavy concentration of microconidia were soil. The percentage of damped-off seedlings was used 
prepared from shake-cultures grown in flasks of 


as a measure of disease severity. 
potato-dextrose liquid medium for 


Experiments were 
7 days at 28°C conducted in a greenhouse at a temperature of 20- 
Fifty mi of inoculum was mixed with each 6-in. po 28°C. 

















Fic. 1. A) Vertical rows l, 2, and 3 from left to right are cucumber varieties Marketer. Palmetto, and Puerto Rico No. 
39; rows 4, 5, and 6 are watermelon varieties Tom Watson. Genuine Garrison, and Stone Mountain. 
from bottom to top: Row 1—Soil infested 


from watermelon. Row }—Control 
bundles extending out into stems, 


Horizontal rows 
with the Fusarium from cucumber. Row 2—Soil infested with the Fusarium 


B) Longitudinal sections of diseased cucumber roots, showing browning of vascular 
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Fic. 2. Fusarium wilt of naturally infected cucumber 


plants of the variety Marketer. 


Pathogenicity tests with 7 isolates of the Fusarium 
from cucumber on cucumber variety Marketer indi- 
cated that there was little difference in the patho- 
genicity of the 7 isolates, with infection ranging from 
78-100 per cent with all isolates. One of the isolates 
was selected to use in cross-inoculation tests with the 
Fusarium from watermelon on a large number of cu- 
cumber varieties and other cucurbits. 

In the first cross-inoculation experiment, 22 varieties 
of cucumber and 13 varieties of watermelon were used: 
Cucumber—Early Fortune, Improved 
Everbearing, Extra Early Green, Fordhook Famous, 
Chicago Pickling, Fordhook Pickling, Davis’ Perfect, 
Burpee’s Fordhook White Spine, Black Diamond, York 
State Pickling, Heinz Pickling. Mincee, Burpee’s Cu- 
bit, Straight-8, Wauchula Stay Green Longer, Pal- 
metto, Puerto Rico No. 39. Burpee’s Sunnybrook, A 
and C, Burpee’s Extra Early White Spine, and Mar- 


Long Green, 


keter; Watermelon—Stone Mountain, Cannon Ball. 
Florida Favorite, Kleckley’s Sweet, Congo, Dixie 
Queen, Blacklee, Tom Watson, Black Kleckley, 


Hawkesbury, Genuine Garrison, Super Black Diamond, 
and New Hampshire Midget. 

The first damping-off of seedlings occurred within 8 
days after planting. After 14 days there was a high 
percentage of damping-off of all cucumber varieties 
planted in soil infested with the cucumber fungus, ex- 


TABLE 1. 
and from watermelon 


Cucumber Fusarium 
Damped-off 


Varieties Emerged 


Cucumbers per cent 


Fordhook Famous i 

Palmetto 89 

Marketer 97 
Watermelon 

Florida Favorite 64 

Tom Watson 84 


*No damping-off occurred. 


per cent 
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cept Fordhook Famous of which only 16 per cent were 
killed. Cucumber seedlings growing on soil infested 
with the Fusarium from watermelon were all healthy. 
The Fusarium from watermelon was highly pathogenic 
on all 13 varieties of watermelon, killing all seedlings 
of the varieties Genuine Garrison, Stone Mountain, 
Tom Watson, Super Black Diamond, and New Hamp- 
shire Midget. On soil infested with the Fusarium from 
cucumber an occasional seedling damped-off in the 
watermelon varieties Genuine Garrison, Florida Fa- 
vorite, Blacklee, Tom Watson, Super Black Diamond, 
and New Hampshire Midget. The Fusarium fungus 
from cucumber was isolated from these damped-off 
seedlings. 

The experiment was repeated, using the most sus- 
ceptible cucumber varieties, Palmetto and Marketer; 
the most resistant one, Fordhook Famous; and the 
watermelon varieties Tom Watson and Florida Favor- 
ite. In the preceding experiment all seedlings of both 
watermelon varieties were infected by the watermelon 
fungus and 8 and 12 per cent, respectively, by the Fu- 
sarium from cucumber. Five replicates of each va- 
riety were included. In the second experiment, results 
(Table 1) were similar to those obtained in the first 
one. Thirty-eight per cent of the seedlings of Ford- 
hook Famous were infected while Marketer and Pal- 
metto were highly susceptible to the Fusarium from 
cucumber. Again there was no infection of cucumber 
seedlings by the Fusarium from watermelon. All of 
the seedlings of the watermelon varieties Florida Fa- 
vorite and Tom Watson were infected by the Fusarium 
from watermelon. On soil infested with the Fusarium 
from cucumber, 33 per cent of the seedlings of Florida 
Favorite and 21 per cent of those of the Tom Watson 
variety damped-off. 

In a third and fourth experiment the Fusaria from 
cucumber and watermelon were used in cross-inocula- 
tion experiments with cucumber, watermelon, musk- 
melon, pumpkin, squash, and gherkin. The procedure 
used was identical with that used in the preceding 
experiments. 

The pathogenicity of the 2 Fusaria on cucumber and 
watermelon varieties was similar to that in previous 
experiments (Table 2). In the fourth experiment the 
Fordhook Famous showed pre- 


cucumber variety 


Percentage of damping-off of cucumber and watermelon seedlings on soil infested with Fusaria from cucumber 


; Noninfested 
W atermelon Fusarium control * 
Emerged Damped-oft Emerged 


per cent per cent per cent 


38 88 0 93 
100 97 0 100 
78 64 0 93 
33 77 100 73 
21 84 100 100 
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TABLE 2.—Percentage of damping-off of cucurbits with Fusaria from cucumber and from watermelon 
Cucumber Fusarium Watermelon Fusarium pers 
Plants Plants Plants 
Host emerged Damped-off emerged Damped-off emerged 
per cent per cent per cent per cent per cent 
(Third experiment) 
Cucumber 
Marketer 96 78 97 0 100 
Palmetto 89 100 48 0 93 
Fordhook Famous 77 38 8 0 93 
Watermelon 
Super Black Diamond 97 6 57 100 67 
New Hampshire Midget 70 14 47 100 73 
Florida Favorite 64 33 ri 100 73 
Tom Watson 84 20 83 100 100 
Muskmelon 
Hale’s Best No. 36 7 100 13 0 33 
Hale’s Best, J. S. 57 65 57 0 40 
Smith’s Perfect ; 100 30 100 33 
Banana 80 7] 57 0 75 
Pumpkin 
Small Sugar 23 0 20 0 20 
(Fourth experiment) 
Cucumber 
Palmetto 93 64 100 0 100 
Fordhook Famous 7 0 13 0 100 
Vuskmelon 
Hale’s Best No. 36 0 0 30 22 67 
Hale’s Best, J. S. 20 100 43 0 80 
Smith’s Perfect 0 0 30 100 73 
Banana 57 100 90 7 7 
Squash 
Yellow Summer Crookneck 77 0 90 0 94 
Table Queen 93 0 83 0 100 
Royal Acorn 67 0 80 0 73 
Pumpkin 
Small Sugar 27 0 30 0 10 
Gherkin 
0 3 0 K 


West Indian 27 


*No damping-off occurred, 


emergence damping-off with both fungi, but no post- 
emergence damping-off with either fungus. The Fu- 
-arium from cucumber was highly pathogenic on all of 
varieties tested. and 


the muskmelon pre-emergence 


damping-off occurred with the varieties Hale’s Best 
No. 36 and Smith’s Perfect. 
] 


on pumpkin, squash, or gherkin by either fungus. The 


There was no infection 


Fusarium from watermelon infected all seedlings of 
the muskmelon variety Smith’s Perfect in both experi- 
ments. In the third experiment there was no_post- 
emergence damping-off in varieties Hale’s Best No. 36. 
Hale’s Best J. S. or Banana; however, in the fourth 
last 2 


damping-off oc- 


experiment seedlings of the varieties 
damped-off. 


curred in both experiments 


some 


Some _ pre-emergence 


FIELD PLOT EXPERIMENT.—The Fusarium from cu- 
cumber was grown on sterile oat medium, and the 
inoculum was worked into the soil before seeds were 
planted. The soil which had not been planted to cu- 
cumbers previously was infested in the spring of 1953 
with Fusarium from cucumber and planted with the 
seeds of the Marketer cucumber. Only an occasional 
ature plants were in- 


seedling damped-off end no 


fected. In the spring of 1954, the same soil again was 
infested and planted to cucumbers. This time there 
was a high percentage of damping-off in the seedling 
stage. and the cucumber wilt fungus was reisolated. 
Infection continued throughout the season, affecting 
plants during all stages of growth and resulting in the 
death of a high percentage of the plants. 
Discussion.—The Fusarium from cucumber used in 
the present studies is highly pathogenic on cucumber 
and thus appears to differ from previously reported 
Fusaria from watermelon and muskmelon. The 
forms isolated from these 2 hests were pathogenic on 
their respective hosts, but not on cucumber. E. F. 
Smith (10) in 1894 conducted inoculation studies with 
the Fusarium from watermelon and stated that it was 
specific to watermelon. Taubenhaus (13) in 1920 
published results of numerous trials of various cucur- 
bits grown on soil infested with the Fusarium from 
watermelon and found that muskmelon, cucumber, 
squash, cushaw, citron, and gourd were not infected 
while 69-98 per cent of the watermelon plants were 
killed. In 1937 Leach and Currence (4), studying 
Fusarium wilt of muskmelon in Minnesota, reported 
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that the Fusarium from watermelon would not infect 
muskmelon, and the Fusarium from muskmelon would 
not attack watermelon. In 1943 van Koot (14) de- 
scribed a Fusarium wilt of cucumber in Holland and 
isolated 4 Fusarium spp. from the stems of wilted 
plants. Two of these, F. angustum and F. orthoceras, 
were found to produce a vascular wilt and a brown 
discoloration of the crown. F. orthoceras var. longius 
and F. solani attacked the crown and roots producing a 
cortical type rot. In cross-inoculation tests on seed- 
lings, all 4 Fusarium spp. were found to be patho- 
genic on cucumber and muskmelon. In 1944, Cox (2) 
reported that the plants remained healthy when musk- 
melon and cucumber scions were grafted on to cucum- 
ber stocks growing in soil infested with the Fusarium 
from muskmelon. When muskmelon was used as a 
stock and muskmelon or cucumber as scions, however, 
the nuskmelon-on-muskmelon developed typical wilt, 
and che cucumber-on-muskmelon showed typical wilt- 
ing symptoms in the stock, and the scion wilted and 
died. Hendrix et al (3) in 1948 made numerous single- 
spore isolates of Fusarium wilt fungi from muskmelon 
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and watermelon. In cross-inoculation experiments, 
isolates of the Fusarium from watermelon attacked 
muskmelon seedlings; however, each was more viru- 
lent on its original host. McKeen (6) in 1951, re- 
ported similar results in cross-inoculation experiments. 

According to Snyder and Hansen (11) the Fusaria 
which produce vascular wilts are classified as bio- 
logical forms of Fusarium oxysporum, thus the Fu- 
sarium from watermelon would be F. oxysporum f. 
niveum and that from muskmelon F. oxysporum f. 
melonis. The cucumber Fusarium differs from the 
watermelon and muskmelon forms in pathogenicity 
and should be considered a new form of Fusarium 
oxysporum (Schl.) Snyd. & Hans. 

In tests on cucumber and muskmelon, results with 
the cucumber isolates here studied were somewhat 
similar to those obtained by van Koot (14) with a 
Fusarium from cucumber. Van Koot did not, however, 
use watermelon in his tests. 
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ANTIBIOSIS IN RELATION TO PINK ROOT OF SHALLOTS! 


T. E. Freeman and E. C. Tims 2 


SUMMARY 


A comparative study was made of 2 soils from the 
same field, one of which was heavily infested with 
the pink root fungus while the other was apparently 
noninfested. The greatest difference between them 
was in the total number of actinomycetes and in the 
number of these forms that were antagonistic to the 
pink root fungus. The noninfested soil contained 
appreciably more actinomycetes than the infested 


soil, with a larger proportion of antagonistic forms. 
Further experiments revealed that specific actino- 
mycetes and other soil microorganisms reduced the 
It was concluded 
that antagonistic actinomycetes might be one of 
the factors that limited the development of the 
pink root fungus in the noninfested soil. 


severity of the pink root disease. 





In the winter of 1952 a field of shallots in LaFourche 
Parish, Louisiana, was examined for pink root, a dis- 
ease caused by Pyrenochaeta terrestris (Hansen) 


C. Walker & 


field the soil was a silty clay type (Mhoon silty clay). 


Gorenz, J. Larson. In 1 portion of the 
The shallots growing in this area showed severe pink 
root. In an adjacent portion of the field with a heavier 
clay soil (Sharkey clay), pink root was not observed. 
According to the landowner, pink root had occurred 
in 1 area and not in the other for a number of years. 
even though both areas had been treated similarly 
and apparently had had equal chances of becoming 
infested with the pink root fungus. 
in 1953 that once a field had become infested, the dis- 
ease was likely to become more severe the more often 
He stated that there were ex- 


Tims (6) reported 


shallots were planted. 
ceptions, however, and in some cases where shallots 
were planted year after year the disease apparently 
became little or no worse. This indicated that some 
factor or factors might have been keeping the disease 
in check in some areas. 

Various workers (1, 3) have reported that antagon- 
istic soil-borne microorganisms may have a limiting 
effect on certain diseases caused by soil-borne patho- 
gens. Johnson (4) found that certain soil-inhabiting 
microorganisms were antagonistic to the pink root fun- 
gus when tested in culture. It had previously been 
reported that antagonisti: 
actinomycetes, might be 


pink root development in the heavy clay soil 


microorganisms, especially 
one of the factors limiting 
CZ) 
The object of the present investigation was to deter- 
mine some of the factors that might account for the 
failure of pink root to develop in plants in a certain 
portion of a field while many plants in an adjoining 
area were diseased. The studies included 1) a 
parison of the pH, moisture content, and available nu- 
trients of the 2 soils, 2) a comparison of the total 
number of actinomycetes occurring in the 2 soil types, 


com- 
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3) a determination of the number of these forms that 
were antagonistic to the pink root fungus, and 4) a 
study of the effect of these antagonistic forms on the 
development of the disease in plants grown in in- 
fested soil. 

MATERIALS AND METHODS.—Samples of the infested 
soil (Mhoon silty clay) and noninfested soil (Sharkey 
clay) were collected in 1953 on May 1, July 11, Sep- 
tember 8, and October 10, and in 1954 on January 8 
and March 10. Each sample was a composite of sev- 
eral lots taken at random from the area under study. 

A method was devised for the screening of large 
numbers of actinomycetes for ability to suppress the 
pink root fungus in culture. Two separate layers of 
media in Petri dishes were used. The bottom layer 
was Conn’s glycerol-asparaginate agar (5), a selective 
The second 
layer consisted of Czapek’s sucrose-nitrate agar (5), a 
suitable medium for growth of P. terrestris. 

Each soil was diluted 1:200,000 according to the 
procedure used by Cooper and Chilton (1). One ml 
of the final dilution was then added to a tube contain- 
ing approximately 15 ml of Conn’s agar. After agita- 
tion, the medium was poured into a sterile Petri plate 
and incubated at 23°C for 4 days, after which the colo- 
nies of actinomycetes were counted and their number 
recorded. Then, 1 ml of a chopped mycelial suspen- 
sion of P. terrestris was added to approximately 10 
ml of Czapek’s agar and the mixture poured over the 
plate of Conn’s agar on which the actinomycetes were 
After a 4-day incubation period, the plates 
were examined for antagonistic actinomycetes. Colo- 
nies of such organisms had clear zones around them 
of varying size depending upon the degree of antagon- 


medium for growth of actinomycetes. 


growing. 


istic action (Fig. 1). 

Suspensions of chopped mycelium were used instead 
of spore suspensions because of the erratic sporula- 
tion of P. terrestris. The suspensions were obtained by 
growing the fungus in liquid Czapek’s medium in a 
flask containing chips of glass. The glass chips, to- 
gether with 25 ml of medium, were placed in a 250- 
ml flask and autoclaved. The fungus was then intro- 
duced into the flasks and allowed to grow. The flasks 
were shaken at intervals so that the sharp edges of 
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Fic. 1. Typical appearance of actinomycetes showing 
antagonism toward P. terrestris when the dual-agar-layer 
method is used. 


the glass chips cut the mycelium into small sections 
that could be picked up with a sterile pipette. 

Three dilutions, consisting of 10 plates for each 
dilution, were made for each soil on each collection 
date. The approximate number of antagonistic forms 
was calculated by multiplying the average number per 
plate by the dilution factor used, which in all cases 
was 1:200,000. 

Several actinomycetes which had shown antagonism 
toward the pink root fungus by the method described 
were tested in sterilized soil artificially infested with 
the pink root fungus. The inoculum was prepared 
from 8-day-old cultures of the fungus grown on Cza- 
pek’s medium in Petri plates. It was ground in a War- 
ing Blendor and mixed with sterile soil in 4-in. pots 
at the rate of 1 Petri-plate culture per pot. The 
actinomycetes introduced into the soil were 7-day-old 
cultures grown on oatmeal agar in Petri plates. The 
cultures were cut into small sections and mixed thor- 
oughly in the soil at the rate of 1 Petri-plate culture 
per pot. Both the actinomycetes and the pink root fun- 
gus were introduced into the pots at the same time. 
Since shallots and onions show a similar reaction to 
pink root, a variety of onions (White Grano) highly 
susceptible to pink root was used in all greenhouse 
tests. 

EXPERIMENTAL RESULTS.—The pH, moisture content, 
and available nutrients of the 2 soils did not differ 
widely. The pH values were slightly higher in the 
Sharkey soil than in the Mhoon soil; however, there 
was an overlapping of pH values, i.e., the range for 
the Mhoon soil was from 5.8 to 6.3 while that of the 
Sharkey soil was from 6.1 to 6.8. Although the mois- 
ture content fluctuated with the prevailing weather 
conditions at the time of collecting the samples, the 
moisture content of the Sharkey svil was in all cases 
slightly higher than that of the Mhoon soil. The 
available inorganic nutrients in the 2 soils did not 
differ appreciably, but the Sharkey soil did contain 
larger amounts of organic matter. The latter soil 
type was also somewhat lower in available phosphorus 
and higher in available potassium. 
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the 2 soils of the area studied on each of 6 collection dates. 


A total of 13,211 actinomycete colonies were tested 
for ability to suppress the pink root fungus; 7,473 
were from the Sharkey soil and 5,738 from the Mhoon 
soil. A total of 532 actinomycete colonies were found 
to be antagonistic to the pink root fungus; 355 were 
from the Sharkey soil and 177 from the Mhoon soil. 
On each of the 6 dates, the average population of 
antagonistic actinomycetes was greater in the Sharkey 
soil than in the Mhoon soil (Fig. 2). The difference 
ranged from a low of approximately 100,000 per g on 
January 8, 1954, to a high of approximately 320,000 
per g on May 1, 1953. The average difference was 
179,000 per g. On July 11, 1953, the actinomycete 
population was higher in the Mhoon soil than in the 
Sharkey soil, but the antagonistic population was still 
higher in the Sharkey soil than in the Mhoon soil 
(Fig. 2). 


Thirty-eight actinomycetes that had shown antago- 





Fic. 3. Varying degrees of antagonism to pink root on 
onion seedlings shown by different actinomycetes. Non- 
infected control on extreme right. 
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nism toward the pink root fungus by the dual-layer 
method were tested in steamed soil artificially infested 
with the pink root fungus. All except 4 of them re- 
duced the amount of pink root to some extent. The 
amount of reduction ranged from 0 to almost com- 
plete control. Plants grown in soil infested with the 
pink root fungus and with actinomycetes isolated from 
Sharkey soil are shown in Figure 3. 

When equal amounts of inoculum of the pink root 
fungus were added to sterilized and to nonsterilized 
soil, pink root was more severe in plants grown in the 
sterilized soil than in those grown in the nonsterilized 


soil. These results are similar to those reported by 
Johnson (3) in his studies with Pythium arrheno- 
manes. 


DISCUSSION AND CONCLUSIONS.—It was apparent that 
some factor or factors prevented pink root in plants 
grown in the Sharkey type soil and that these factors 
were not operative in the adjacent Mhoon type soil. 
The fact that both areas had been treated similarly 
for a number of years indicated that the limiting fac- 
were not in- 
differences in 


tor or factors occurred naturally and 
duced by cultivation practices. That 
populations of antagonistic actinomycetes may be one 
of the factors involved is suggested by the rather con- 
sistent results of this study. 


The pH and moisture content of the soil apparently 
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were not important factors in determining the num. 
ber of actinomycetes present. Since the organic con. 
tent of the Sharkey soil was higher than that of the 
Mhoon soil, this is probably the most important fac. 
tor. Even though the soils were collected so that all 4 
seasons were represented, no definite conclusion could 
be reached from the data as to the seasonal effect on 
the total antagonistic actinomycete population. 

The fact that pink root was more severe in plants 
grown in sterilized artificially infested soil than in 
those grown in nonsterilized artificially infested soil 
indicates that microorganisms in general do in some 
way tend to suppress pink root. 

A larger number of antagonistic actinomycetes were 
found in the Sharkey soil that was free of the pink 
root fungus than in the infested Mhoon soil. Certain 
of these forms reduced the amount of pink root in 
plants grown in artificially infested soil. These facts 
seem to indicate that certain actinomycetes may have 
played some part in limiting the development of pink 
root in plants grown in the Sharkey clay soil of the 
field under observation. 
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EFFECT OF NUTRIENT SPRAYS ON FUSARIUM WILT OF TOMATO! 
J. R. Bloom and J. C. Walker 


SUMMARY 


Various nutrient elements were applied to tomato 
plants as foliage-spray supplements to a balanced 
solution supplied through the roots. When nitrogen 
in the form of urea was applied before inoculation 
of the plants with Fusarium oxysporum f. lycoper- 
sici (Sacc.) Snyd. & Hans., the disease was retard- 
ed progressively with increasing concentrations; 
when it was applied after inoculation, disease de- 
velopment increased with increase in concentration. 
When potassium chloride was applied as a foliage 
nutrient before inoculation, no significant effect on 
wilt development was observed. When it was ap- 


plied after inoculation, there was an increase in 
disease index with increase in concentration of the 
nutrient. When sodium chloride was used, the 
effects were similar to those with potassium chlo- 
ride. Calcium chloride, on the other hand, had no 
significant influence on wilt. When potassium chlo- 
ride and calcium chloride were combined in the 
foliage spray, the effects of the former were coun- 
teracted. The effects of monobasic sodium phos- 
phate, sodium glycerophosphate, magnesium sul- 
fate, and magnesium chloride were not significant. 





In a study of wilt (incited by Fusarium oxysporum 
f. lycopersici (Sacc.) Snyd. & Hans.) in tomato seed- 
lings grown in quartz sand culture, Walker and Fos- 
ter? showed that development of the disease was en- 
hanced when a low concentration of potassium or a 
high concentration of nitrogen was used in the min- 
eral nutrient supplied the host. A high concentration 
of potassium or a low concentration of nitrogen had 
In a later study, Foster and Walk- 


er’ reported on the influence of high and low levels of 


an opposite effect. 


potassium and nitrogen when supplied to seedlings 
for 30 days before inoculation and with a balanced 
nutrient after inoculation. In the latter study, the ef- 
fects were the reverse of those obtained when high or 
low levels were used throughout the experiments. The 
disease developed most rapidly in plants supplied be- 
tore inoculation with low-nitrogen or high-potassium 
solutions and least rapidly when supplied with high- 
nitrogen or low-potassium solutions. The same effects 
were found with Bonny Best, a very susceptible vari- 
ety, and with Marglobe, a partially resistant variety. 
The differences between the effects of the high and low 
concentrations of the respective elements were great- 
est, however, with the Marglobe variety. In the ex- 
periments cited, all nutrients were applied through 
the roots. The present paper is a report on a study 
of the influence on the disease of supplementary foli- 
age sprays containing various concentrations of several 
elements. 


MATERIALS AND METHODS.—Bonny Best, a wilt-sus- 


ceptible variety of tomato, was used. Seed was sown 


in quartz sand and watered with distilled water. Two 


1 Accepted for publication March Zo, 1980. 

This investigation was supported by a grant from the 
Research Committee of the Graduate School, University of 
Wisconsin. 

* Walker, J. C., and R. E. Foster. 1946. Plant nutrition 
in relation to disease development. III. Fusarium wilt of 
tomato. Amer. Jour. Bot. 33: 259-264. 

3 Foster, R. E., and J. C. Walker. 1947. Predisposition of 
tomato to Fusarium wilt. Jour. Agr. Res. 74: 165-185. 


weeks later seedlings were transplanted to quartz sand 
in 8-in. pots, 10 plants to a pot. The pots were set up 
in drip culture and watered with 1H Hoagland’s solu- 
Gallegly and Walker.4 The 
greenhouse temperature was kept at about 28°C. The 


tion as described by 
wilt fungus was grown on Richard’s solution for 2 
weeks. The mycelium and spores were then removed 
from the culture and washed with distilled water by 
means of a Buchner funnel. The fungus mat was sus- 
pended in distilled water and ground in a Waring 
Blendor. Plants were inoculated when about 6 in. 
tall (about 30 days after transplanting) by removing 
them from the sand, immersing the roots in the fungus 
suspension, and replanting in the original pots. 

To avoid foliage injury, various concentrations of 
materials to be used as sprays were made up in 0.7 M 
sucrose. When applications were made up to the time 
of inoculation, they were begun 1 week after trans- 
planting, were continued at weekly intervals up to 
When they 
were made only after inoculation, they were begun af- 
ter 1 week and continued at weekly intervals until the 
end of the experiment. On successive days between 
treatments and for several days after the last treat- 


inoculation, and were then discontinued. 


ment, the foliage was sprayed with 0.1 per cent solu- 
tion of detergent (Vel®) in distilled water to redis- 
tribute the residue which remained on the surface. 
Symptoms usually appeared at about 10 days after 
inoculation. At the end of each experiment, plants in 
each treatment were placed in 1 of 5 disease classes. 
\ disease index was calculated according to the meth- 
od of Gallegly and Walker.* Each experiment con- 
sisted of 4 randomized replicate blocks with 40 plants 
in each treatment replicate. There was usually a 
period of about 30 days from the original transplant- 


Plant nu- 
Bacterial 


* Gallegly, M. E., Jr., and J. C. Walker. 1949. 
trition in relation to disease development. V. 
wilt of tomato. Amer. Jour. Bot. 36: 613-623. 

5 Manufactured by Colgate-Palmolive-Peet Co., 


City, N. J. 


Jersey 
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TaBLeE 1.—Indices of the development of Fusarium wilt in 


tomato plants sprayed with urea before and after 


inoculation 


Disease indices * 
Sprayed after 
inoculation 


Sprayed before 


Molar conc. inoculation 


0 60.0 56.0 

0.1 61.5 o2.0 

0.2 65.5 62.5 

0.3 19.0 69.5 

0.4 18.0 70.5 
LSD (19:1) 13.5 73 


* Calculated from a scale in which 0 indicates no symp- 
toms and 100 represents severe wilt. Each figure is the 
average for 160 plants. 


ing to the time of inoculation and a period of about 
40 days from inoculation to the final disease reading. 

Resu._ts.—Effect of nitrogen——Urea was used as a 
source of nitrogen in the foliage spray. It was ap- 
plied at 0.1, 0.2, 0.3, and 0.4 M concentrations. The 
results of a typical experiment are presented in Table 
1. There was a progressive decline in disease index 
with increase in concentration of urea when applica- 
tions were by foliage spray before inoculation. On 
the contrary, there was a progressive increase in dis- 
ease index with increase in concentration when urea 
was applied as a foliage spray after inoculation. The 
application of nitrogen through the foliage before in- 
oculation tended to render plants less favorably dis- 
posed to disease development, as Foster and Walker* 
found to be the case when high-nitrogen nutrient was 
applied through the roots up to the time of inocula- 
tion. The application of nitrogen through the foliage 
after inoculation had the same effect as when it was 
supplied through the roots before and after inocula- 
tion.* 

Effects of potassium, sodium, magnesium, and cal- 
cium.—Potassium was applied as potassium chloride 
at 0.12, 0.24, 0.36, and 0.48 M concentrations. The 
results of a typical experiment are presented in Table 
2. No significant differences were obtained when the 
spray was applied before inoculation. When the spray 
was applied after inoculation, there was a progressive 
increase in disease index with increase in concentra- 
tion of the nutrient. Magnesium sulfate and magnesium 
chloride applied before inoculation tended to reduce 


TaBLe 2.—Indices of the development of Fusarium wilt in 
tomato plants sprayed with potassium chloride before 
and after inoculation 


Disease indices* 
Sprayed after 
inoculation 


Sprayed before 


Molar conc. inoculation 


0 62.0 47.5 

0.12 67.0 48.5 
0.24 62.5 62.5 
0.36 64.0 64.0 
0.48 62.5 74.0 
LSD (19:1) NS 13.3 


“Calculated from a scale in which 0 represents no symp- 
toms and 100 represents severe wilt. Each figure is the 


average for 160 plants. 


the disease index, but differences among treatments 
were not significant; when they were applied after 
inoculation no appreciable effects were noted. When 
calcium chloride was applied at 0.07, 0.14, 0.21, 0.28 
M concentrations before and after inoculation, there 
were no significant differences among the effects of 
treatments, indicating that the Cl ion had little or no 
effect. When potassium chloride and calcium chloride 
were applied together at molar concentrations of 0.12 
and 0.08, 0.24 and 0.16, 0.36 and 0.24, 0.48 and 0.32 
M, respectively, there were no significant differences 
among treatments, indicating that the Ca ion counter- 
acted the effect of the K ion. Although the application 
of high potassium nutrient through the roots before 
inoculation was found by Foster and Walker* to 
render the plants more favorably disposed to wilt, 
application of potassium to the foliage spray before 
inoculation had no appreciable effect. After inocula- 
tion, however, increasing amounts of potassium applied 
in the foliage spray increased disease development, 
whereas Walker and Foster? found that high-potassium 
nutrient supplied through the roots before and after 
inoculation retarded the progress of the disease. 
Effects of phosphorus—-When monobasic sodium 
phosphate or sodium glycerophosphate was applied 
in various concentrations as foliage sprays before and 
after inoculation, no consistent effects on wilt were 


observed. 
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IMMUNITY TO VIRUS X IN POTATO: STUDIES OF SEGREGATING 
SEEDLING POPULATIONS ! 
Roland G. Timian,* W. J. Hooker.* and C. E. Peterson 4 


SUMMARY 


Mechanical inoculation of small potato seedlings 
with suitable isolates of virus X is a reliable means 
of identifying susceptible segregates. Local symp- 
toms developed at 16°C within a week and systemic 
symptoms within 2 weeks in susceptible seedling 
transplants when certain isolates of virus X were 
used for inoculation. Seedling plants immune to 
virus X failed to develop either local necrosis or 
systemic mottle following inoculation and the virus 
was not carried systemically in such plants. 

Marked differences in the number of plants with 
symptoms were obtained with different isolates of 
virus X. One isolate, X5, was very effective in 
inciting both local and systemic infection. It was 
the only one that incited visible symptoms in all 
inoculated plants of a susceptible progeny. Another 
isolate, XRS. was approximately as effective in 


inciting local symptoms, but was relatively ineffec- 
tive in inciting systemic symptoms. One isolate, 
X8, was very mild and incited symptoms in only a 
small number of seedling plants. The other isolates 
tested were intermediate between these 2 extremes. 

In tests with 2 isolates inciting severe symptoms, 
X5 and XRS, local symptoms developed equally 
well at 18°C and at 24°, whereas systemic symptoms 
were more pronounced at 24° than at 18°. At 10°, 
symptoms incited by isolate X5 were slower to 
develop than at either of the higher temperatures 
and no plants inoculated with XRS_ developed 
systemic symptoms. 

In the greenhouse, the number of seedling plants 
that developed symptoms was increased when light 
intensity was reduced by shading. 





In the potato improvement program of the lowa 
Agricultural Experiment Station, the marked resistance 
or immunity of S 41956 (6) is used as a source of 


resistance to virus X. Literature concerning the dif- 


ferent types of resistance to virus X in potato was 
recently reviewed (3) and the advantages of using 
the immunity of S 41956 in a breeding program were 
pointed out. 

Practically no research has been reported on factors 
influencing infection by virus X and symptom develop- 
ment in small seedling potato plants following mechan- 


ical inoculation. A more complete understanding of 


these factors is desirable for successful identification 
of susceptible seedlings in a potato breeding program. 
In an earlier paper, Timian, Hooker, and Peterson (9) 
reported that clonal lines of potato susceptible to virus 
X as determined by the graft test of Raleigh (5) 


1 Accepted for publication April 1, 1955. 
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ogy Department, Iowa Agricultural Experiment Station. 
Present address: Department of Botany and Plant Pathology, 
Michigan State University, East Lansing, Michigan. 

*Formerly Horticulturist, United States Department of 
Agriculture, Agricultural Research Service, Horticultural 
Crops Research Branch, Ames, Iowa. Present address: 
Horticulture Department, Michigan Agricultural Experi- 
ment Station, East Lansing, Michigan. 


developed either local or systemic symptoms when 
mechanically inoculated with certain isolates of the 
virus, whereas immune lines did not exhibit symptoms 
and were not symptomless carriers following mechan- 
ical inoculation. The mechanical test for immunity to 
virus X was believed to be equal or superior in 
reliability to the graft test of Raleigh (5) and had 
the advantage of greater ease of testing. 

In order to adapt such a mechanical inoculation test 
to a program of breeding potatoes for immunity to 
virus X, further studies were made on populations 
of seedling potatoes before they were transplanted to 
the greenhouse bench. This paper. of which a pre- 
liminary report has been published (8), describes 
investigations on small seedlings of potato from a 
number of progenies grown under various environ- 
mental conditions and inoculated with different isolates 


of virus X. 


MATERIALS AND METHODS.—Virus X isolates de- 
scribed previously (9) and an additional one, XRS, 
were maintained in plants of Nicotiana glutinosa L. 
under insect-proof cages in the greenhouse. XRS was 
a severe ring spot isolate of virus X obtained from R. 
H. Larson of the Department of Plant Pathology. 
University of Wisconsin. Sap from plants infected 
with virus X was diluted 1-10 with water and used 
with carborundum (400-mesh) in mechanical inocula- 
tion tests. 

Potato plants were inoculated individually in the 
seedling flats when the second true leaf was 3-6 mm 
wide. In a few tests inoculation was delayed until 
after transplanting when plants were in the 5-6 leaf 
stage. Inoculum and abrasive were rubbed gently 
on the leaves with the thumb and forefinger, and plants 
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were washed with a fine spray of water after inocula- 
tion. 
Potato progenies and their parents used in these 


tests were as follows: 


Ia 940 (B792-88 * Cherokee), immune X suscep- 


tible; 

Ia 941 (B792-94 « Cherokee), immune X suscep- 
tible; 

Ia 943 (S 41956 * Cherokee), immune X suscep- 
tible; 


Ia 1236 (ND457-1 selfed), susceptible; 
Ia 1237 (Ia 940-1 selfed), susceptible; 

Ia 1238 (B792-94 selfed), immune; and 
Ia 1239 (Ia 902-4 selfed), immune. 


Progeny numbers beginning with Ia are from the 
potato breeding program of the Iowa Agricultural 
Experiment Station and the U. S. Department of Agri- 
culture, B and S are from the U. S. Department of 
Agriculture and ND from the North Dakota Agricul- 
tural Experiment Station. 

EXPERIMENTAL RESULTS.—Symptoms in potato seed- 
lings infected with virus X.—Seedling potato plants of 
2 progenies segregating for immunity to virus X, la 
941 and Ia 943, were inoculated mechanically with 
isolate XRS at the 6-leaf stage. The 2 youngest fully 
expanded leaves were marked with India ink and 
rubbed with an inoculum-carborundum mixture. These 
plants were rubbed a second time 2 weeks later. No 
additional individuals developed symptoms following 
the second inoculation, indicating that no susceptible 
plants previously had escaped infection. Greenhouse 
temperatures averaged 17°C with extremes of 13° and 
33°. 

After inoculation, susceptible plants developed local 
necrotic symptoms (Fig. 1, A) within 5-11 days and 
systemic symptoms (Fig. 1, B) within 10-15 days 
(Table 1). 

Leaves of the inoculated seedling plants were tested 
on plants of Gomphrena globosa L. for the presence of 
virus X. Plants with systemic symptoms were infected 
with virus X, whereas those remaining symptomless 
throughout the period of observation were free of the 
virus. Of those with only local symptoms none was 
systemically infected. After harvest, tubers from these 
plants were tested on plants of G. globosa by the 
method of Hoyman (4). Results were identical to 
those of the first test except that 1 plant which was 
virus free according to the first test produced infected 
tubers. Tubers of all plants in this test were planted 
in the field for increase so that further tests could be 
made. Of special interest were those plants with 
local symptoms and no systemic infection. This plant- 
ing was later lost in a flood. 

The trial demonstrated that small seedling plants 
in the 6-leaf stage could be tested for immunity to 
virus X and that those with neither local lesions nor 


systemic mottle were immune to the virus. It was 
later determined that isolate XRS was very effective 
in inciting local symptoms but that it was relatively 


TaBLeE 1.—Percentage of seedling potato plants with symp- 
toms at intervals following inoculation of a popula. 
tion segregating for immunity to virus X 








, Symptoms 
Time after local local and 
Progeny inoculation none only systemic 
days % % Go 
Ia 941" 6 63 37 0 
1] 52 27 21 
27 52 9 39 
Ia 943” 6 66 34 0 
1] 18 45 7 
27 18 2] 31 


“128 plants inoculated with isolate XRS. 
” 126 plants inoculated with isolate XRS. 


inferior to other isolates in establishing systemic 
infection. Judging from subsequent observations, jt 
seems probable that most plants that produced only 
local lesions in this test would have become invaded 
systemically had they been inoculated with certain 
other isolates of virus X. 

Effectiveness of different isolates of virus X in the 
identification of susceptible seedling plants.—Ten virus 
X isolates previously described (9) were compared for 
effectiveness in the identification of susceptible seed- 
ling plants, and data from 6 isolates are presented 
(Fig. 2). For this, 2 progenies uniformly susceptible 
to virus X (progenies Ia 1236 and la 1237, designated 
in Figure 2 as S 1 and S 2, respectively) were com- 
pared with 2 progenies segregating for immunity to 
virus X (la 1238 and Ia 1239, designated as SI 1 and 
SI 2, respectively). Seedling plants were inoculated 
at an early age and held in the greenhouse at 16°C. 
Data (Fig. 2) are derived from reactions of approxi- 
mately 90 plants of each progeny with 30 plants per 
treatment in each of 3 replications. The percentages 
of plants with local and with systemic symptoms were 
determined for each isolate and for each progeny at 
intervals from the fifth day after inoculation until the 
twentieth day. 

Local symptoms on potato seedlings consisted of 
punctate necrotic spots which enlarged and often 
involved the entire leaf. These were similar in appear- 
ance for all of the isolates tested. Affected leaves 
usually abscised in 10-20 days (Fig. 1, C). Systemic 
symptoms (Fig. 1, D, E) were necrotic streaks follow- 
ing the small veins in the leaves, and only occasionally 
did systemic mottle develop on these small plants. 

Isolate X5 was superior to the other isolates tested 
in inciting both local and systemic symptoms in all 
1 progenies. It was the only one that infected all 
inoculated plants of the susceptible progeny. Isolate 
XRS was almost as effective as X5 and was superior 
to the other isolates in inciting local lesions. It was 
not as effective as X5 or X7 in inciting systemic symp- 
toms. The percentages of plants that developed 
symptoms following inoculation with X4 or X8 were 
so low that these isolates were relatively ineffective 
in identifying susceptible plants. Isolates ranked 
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approximately the same for earliness of 


expression on potato seedlings as for percentages of 
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symptom 


plants expressing symptoms. ‘Similar results were 
obtained in a less extensive earlier trial. 


Influence of temperature on symptom development. 


Plants of a susceptible progeny, Ia 1236, were inocu- 







































































































lated with X5 and XRS in greenhouses at 10°, 18°, and 
24°C. Approximately 60 plants were inoculated at 
each temperature and symptoms were recorded from 
the time of inoculation through the seventeenth day. 

Local symptoms following inoculation with X5 
developed at approximately the same rate at 18° and 
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genies S 1 and S 2 were uniformly susceptible and progenies SI 1 and SI 2 were segregating for immunity to virus X. 
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24° (Fig. 3). At 10° there was a 3-day delay. Systemic 
symptoms developed most rapidly at 24°, were some- 
what slower to develop at 18°, and were delayed 
approximately 1 week at 10°C. The number of plants 
ultimately developing either local or systemic symp- 
toms were essentially the same at all temperatures. 

Isolate XRS was effective in inciting local symptoms 
at each temperature although there was a delay of 
somewhat more than a week at 10°C. There were no 
plants with systemic symptoms at 10°. Less than 30 
per cent of the plants developed systemic symptoms at 
24°, and a slightly smaller number showed symptoms 
at 18°. 

In another test with a progeny segregating for 
immunity to virus X, Ia 1238, symptom expression in 
susceptible plants was similar to that in the susceptible 
progeny. Most of the plants with local symptoms fol- 
lowing inoculation with isolate X5 at 18°C and 24° 
later expressed systemic symptoms. Although the 
number of susceptible plants in this segregating popu- 
results were in agreement with the 
completely susceptible 


lation was small, 
involving a 


previous test 


progeny. 
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temperatures following inoculation with X5 and XRS. 
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Influence of light intensity on symptom expression.— 
To determine the influence of light intensity and 
temperature on symptom development, progeny la 
940, segregating for immunity to virus X, was grown 
in a split-plot design in which the smallest plot 
consisted of approximately 50 plants. The main-plot 
treatments were 2 temperatures, 16°C and 28°, and 
the sub-plot treatments were 2 light intensities. Plants 
were grown in winter in the greenhouses. Those at 
the low light intensity were shaded with a double 
layer of cheesecloth and received approximately 50 per 
cent of the light received by the unshaded plots. Light 
intensities between 11:00 a.m. and 2:00 p.m. on bright 
days were 953 and 537 ft.-candles in unshaded and 
shaded plots, respectively. Light intensities on cloudy 
days were 384 and 210; on very dark days, 31 and 
12; and averaged 634 and 334, respectively. Final 
readings were made 16 days after inoculation with 
isolate XRS. The percentages of infected plants (Table 
2) were converted to angles by the arc-sine transfor- 
mation (7) and an analysis of variance was calculated. 
The percentage of plants with symptoms was signifi- 
cantly greater at the low temperature than at the 
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TaBLe 2.—Percentage of plants with symptoms in a popula- 
tion of potato seedlings segregating for immunity to 
virus X following inoculation with isolate XRS at 
2 temperatures and 2 light intensities 


Temper- Light Plants Plants with 
ature intensity inoculated symptoms 
no. of / 
16°C reduced 82 74.7 
high 19] 67.5 
average 186 71.1 
28°C reduced 210 14.3 
high 188 30.3 
iverage 199 37.3 


high temperature and was also significantly greater at 


the low than at the high light intensity. In a second 
experiment, involving 2 progenies at 2 light intensities, 
differences in disease incidence were similar to those 


in the first experiment and again were significant. 


Discussion.—The mechanical inoculation test for 
identification of potato plants immune to virus X 
has been used successfully for identification of potato 
plants maintained as clonal lines (9). The test can 


also be applied successfully to small seedling potato 
plants before transplanting. 


Symptoms in seedling potato plants following infec- 


tion with virus X were similar to those observed in 
clonal lines (9). In general, symptoms were more 
severe in small seedling plants than in the larger plants 
grown from tubers. Symptoms in the former were 
very similar to top necrosis, a symptom common to 
certain varieties hypersensitive to virus X. Isolates 


of Virus X, 


toms, ranked essentially 


when compared in ability to incite symp- 


the same in either small 
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seedlings or in plants grown from tubers. When 
seedlings of susceptible progenies were inoculated 
with certain isolates of virus X, all individuals became 
infected. Individuals immune to virus X did not 
evidence infection either as plants grown from tubers 


(9) or as small plants developed from true seed. 
The percentage of susceptible plants with symptoms 
was influenced greatly by the isolate of virus X used 
for inoculation. Thus, for identification of immune 
plants in the breeding program, isolates that incited 
severe symptoms were more effective than those incit- 
ing mild symptoms. One isolate, X5, incited visible 
symptoms in all individuals of a susceptible progeny, 
The ability of this isolate to incite systemic symptoms 
im a high percentage of the susceptible individuals is 
a distinct advantage in the breeding program because 
systemic symptoms are more easily recognized in a 
population of small seedlings than are local symptoms. 
The temperature at which inoculated plants were 
held did not greatly affect the number of plants that 
eventually showed symptoms. Symptoms were evident 
over the temperature range of 10—24° suggesting that 
precise greenhouse temperatures would not be required 
for identification of susceptible seedlings. Since symp- 
toms were accentuated and the number of plants 
infected was increased by shading of seedling plants 
following inoculation, it is probable that intense light 
should be avoided in routine resistant 
seedlings. and in- 
creased susceptibility to infection in plants subjected 


selection of 


Increased severity of symptoms 
to reduced light has been reported with potato virus 


X (1) and with certain other viruses (2). 
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TWO NEW CUCUMBER VARIETIES RESISTANT TO SCAB AND MOSAIC! 
J. C. Walker and C. F. Pierson 


SUMMARY 


Two new pickling cucumber varieties were re- 
leased to the trade in 1954 under the names Wis- 
consin SMR 9 and Wisconsin SMR 12. Both have 
been shown to be highly resistant to scab and to 
common cucumber mosaic under field conditions 
where these 2 diseases were very severe on sus- 
ceptible varieties. The scab resistant parent was 
from an F, homozygous-scab-resistant progeny from 
a cross between scab-resistant Maine No. 2 and 
Chicago Pickling. This was crossed and _ back- 
crossed 5 times to M-20, a mosaic-resistant line re- 
ceived from J. D. Wilson of the Ohio Experiment 


Station. The new varieties resemble National 
Pickling in vine type and season. The fruits are 
slightly lighter green in color than National Pick- 
ling, Wisconsin SR 6, and Ohio MR 17. Wisconsin 
SMR 9 has fruits that resemble closely those of 
Ohio MR 17 in length/diameter ratio. The fruits of 
Wisconsin SMR 12 are intermediate between Na- 
tional Pickling and Ohio MR 17 in this respect. 
Under Wisconsin conditions both varieties yield as 
well as susceptible pickling varieties in the absence 
of scab and mosaic and outyield the older varieties 
susceptible to mosaic where the latter is severe. 





In a previous paper” the development of 2 varieties 
of pickling cucumber resistant to scab (incited by 
Cladosporium cucumerinum Ell. & Arth.) was report- 
ed. One of these, Wisconsin SR 6, is now widely used 
in Wisconsin and other northern states where scab is a 
major disease. These varieties are, however, suscepti- 
ble to common cucumber mosaic, which is also de- 
Several satis- 
factorily mosaic-resistant varieties, Yorkstate 
Pickling.? Ohio MR 17,4 and Ohio MR 25° are avail- 
The 


present paper is a report upon the development of 2 


structive in many pickle-growing areas. 


e.g. 
able, but each of these is susceptible to scab. 


new pickling varieties, Wisconsin SMR 9 and Wiscon- 
sin SMR 12, both 
mosaic. These varieties were released in 1954 and seed 
became available to the trade for use in 1955. 


which are resistant to scab and 


BREEDING PROCEDURE.—-The scab resistant parent 
was from an F, homozygous-scab-resistant progeny 
from a cross between scab-resistant Maine No. 2 and 


Chicago Pickling. The scab resistant parent was 
crossed with a mosaic-resistant line, M-20, secured 


from J. D. Wilson of the Ohio Experiment Station. 
This line was derived from a cross made by Dr. H. M. 
Munger of Cornell University between Chinese Long 
and National Pickling which was backcrossed by him 
twice to National Pickling. Line M-20 was close to 
Ohio MR 17 in type but in our trials it was found to be 
slightly better adapted to Wisconsin conditions and 
slightly more resistant to mosaic than Ohio MR 17. 


1 Accepted for publication April 12, 1955. 

This investigation was supported by a grant from the 
Wisconsin Pickle Packers’ Association. 

“Walker, J. C., C. F. Pierson, and A. B. Wiles, 1953. 
Two new scab-resistant cucumber varieties. Phytopathol- 
ogy 43: 215-217. 

3 Munger, H. M. 1950. Two new mosaic-resistant cucum- 
bers. Farm Res. (N. Y. State Sta.) 10(2): 20. 

4 Wilson, J. D. 1951. Ohio MR 17. A new mosaic toler- 
ant pickling cucumber. Ohio Agr. Exp. Sta. Res. Cir. 10. 

5 Wilson, J. D., C. A. John, and F. Myrice. 1954. Ohio 
MR 25. A pickling cucumber highly tolerant to mosaic. 
Ohio Agr. Exp. Sta. Res. Cir. 25. 
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Beginning with the F, progeny, 5 successive back- 
crosses to M 20 were made. Each backcross progeny 
was inoculated with the scab fungus in the seedling 
stage at 17°C as described previously,® and the sus- 
ceptible individuals were discarded. Resistant indi- 
viduals of the fifth backcross were selfed and the 
progenies inoculated. Resistant individuals were again 
selfed and progenies inoculated. Several homozygous- 
scab-resistant progenies were then increased and sub- 
jected to mosaic tests and field evaluation as to type 
and yield. 


EVALUATION AND RESISTANCE TESTS.—In 1953, 4 
scab-resistant progenies designated as 12-3, 12-9, 12-12, 
and 12-17 were planted in the field along with National 
Pickling (mosaic-susceptible, scab-susceptible), and 
Ohio MR 17 (mosaic-resistant, scab-susceptible) at 
Madison, Wisconsin, where scab does not usually oc- 
cur. Plantings were in 3 randomized blocks of 25-ft. 
rows. When the plants were in the 3-leaf stage, they 
were inoculated by sprinkling the first leaf with car- 
borundum and rubbing with an extract of leaves of 
Nicotiana glutinosa L. infected with cucumber virus 
1. Under field conditions at Madison mosaic usually 
appears in susceptible varieties as mottle of the young- 
est leaves about 4 weeks after inoculation. Symptoms 
on successive leaves gradually become more severe 
and suppression of elongation of vines increases grad- 
ually. The degree of growth suppression varies from 
season to season. Mottled fruits increase in number 
as the season advances. Occasional young leaves of 
resistant varieties show mild mottle as soon as mottle 
appears on susceptible plants, but such leaves usu- 
ally outgrow visible symptoms and suppression of 
growth is negligible. Occasional very mildly mottled 
fruits appear on resistant varieties. 

Fruits were picked 3 times weekly beginning on 
July 15, and the percentages of fruits showing any 
evidence of mosaic were recorded at each picking. The 


6 Walker, J. C. 1950. Environment and host resistance in 
relation to cucumber scab. Phytopathology 40: 1094-1102. 
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Taste 1.—Occurrence of mosaic in fruits of inoculated 
plants of breeding progenies and of standard resistant 


and susceptible varieties at Madison, Wisconsin, 1953 


Percentage of mottled fruits on date 
indicated* 


Variety Aug. Aug. Aug. Aug. Aug. Aug. 
or progeny 10 12 17 21 24 28 
National Pickling 13 16 20 64 67 90 
Ohio MR 17 5 6 l l l 0 
12-3 : a 0 1 6 0 0 
12-9 0 5 2 0 0 0 
12-12 0 2 2 13 0 0 
12-17 1 > 0 0 0 5 
“Percentages are based on a total of 75 fruits. Plants 
were inoculated with cucumber virus 1. 
first 3 pickings showed no more than negligible 
amounts of mosaic in any of the lots. In National 


Pickling, there was a steady increase in incidence of 
mosaic up to 90 per cent on August 28 (Table 1). The 
number of mottled fruits in Ohio MR 17 was negligi- 
ble throughout the period. Breeding 
not significantly different from Ohio MR 17 in amount 
of disease, showing that sufficient backcrossing had 


progenies were 


been made to provide acceptable mosaic resistance. 

Breeding progenies were planted also in the same 
year in randomized replicated plots in an isolated 
location at Madison, Wisconsin, where mosaic did not 
occur. National Pickling, Ohio MR 17, and Wiscon- 
sin SR 6 were included to determine yield potential. 
The first harvest was on July 15, and cumulative yields 
of ungraded fruits were determined 4, 5, and 6 weeks 
after the first picking (Table 2). Progeny 12-12 had 
significantly greater yield at each time interval than 
National Pickling, Ohio MR 17, and progeny 12-17. It 
was higher in yield but not significantly higher than 
the other 2 progenies and Wisconsin SR 6. 


The length-diameter ratio of fruits is an important 


consideration in the evaluation of varieties for process- 
ing. Therefore at 4 pickings during the season 25 


fruits taken at random from the harvest were mea- 
sured (Table 3). National Pickling and Wisconsin 
SR 6 were consistently the shortest in relation to di- 
ameter while Ohio MR 17 longest. 


was always the 


Comparative yields of 


Vadi sori. 


breeding progenies and 
Wisconsin, 1953, in a 


TABLE 2. 
standard varieties at 
mosaic-free area 


Variety Cumulative yield (bushels/acre) at* 
or progeny 1 weeks 5 weeks 6 weeks 

National Pickling 204 332 142 
Ohio MR 17 217 302 392 
Wisconsin SR 6 258 384 186 
12-3 253 380 78 
12-9 250 393 506 
12-12 286 142 550 
12-17 232 349 145 

LSD (19:1) 18 64 78 


Plots were 50-ft. 


"Intervals following the first picking. 
rows in 3 randomized blocks. 
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TaBLeE 3.—Length/diameter ratios of fruits of breeding 
progenies of standard varieties grown in mosaic-free 
area 
Ratios at picking date indicated* 

Aug. 10 Aug. 17 Aug. 21 Aug. 24 Ave, 


Variety 
or progeny 


National Pickling 2.89 2.90 2.87 2.82 2.87 
Ohio MR 17 3.22 3.20 3.09 3.11 3.15 
Wisconsin SR 6 pe | 2.83 2.85 2.77 2.80 
12-3 es wnscces a 2.98 3.06 3.03 3.01 
12.9 ——_ 2 8 Se ee 
12-12 2.92 2.97 2.98 3.01 2.97 
12-17 3.13 3.10 3.10 


3.02 3.08 


“Each value is the average for 25 fruits. 


The breeding progenies were intermediate between 
the 2 extremes. Of them, 12-12 was consistently the 
shortest and 12-9 the longest. 

Progeny 12-3 was discarded because fruits tended 
to taper too abruptly toward the blossom end. Prog- 
eny 12-17 was discarded because it was lowest in yield 
of the 4 breeding progenies, and no better in fruit 
type than 12-9 and 12-12. Evaluation of 12-9 and 12-12 
was continued in 1954 at Madison and in commercial 
acreages at several locations in Wisconsin. 

Determinations were made of percentages of mottled 
fruits, yields, and length/diameter ratios of standard 
varieties and of progenies 12-9 and 12-12 inoculated 
with cucumber virus 1 and grown in a plot at Madi- 
son in 1954 (Table 4). The length/diameter ratios of 
1953 were very similar to those of 1954 and are in- 
cluded in Table 4. The average percentage of mottled 
fruits was very high in National Pickling and quite 
low in the resistant lines. It was slightly lower in 
12-12 than in 12-9 or Ohio MR 17. There were no sig- 
nificant differences among yields of the resistant lines, 
while mosaic caused a great reduction in yield of Na- 
tional Pickling. In commercial plantings in central 
Wisconsin in 1953 and 1954, lines 12-9 and 12-12 
yielded satisfactorily and had satisfactory processing 
quality. 

Homozygous-scab-resistant varieties show no scab in 
the field under central and northern Wisconsin condi- 
tions where susceptible varieties show severe infection 
of young fruits as soon as favorable environmental 
conditions prevail. When young seedlings of suscepti- 
ble and resistant varieties are inoculated in the green- 
house at high humidity and temperatures of 17°C, 
those of the former are killed rapidly while those of 
the latter show very limited infection and recover 
promptly. Since the greenhouse assay is much more 
reliable than field tests, all progenies were tested ex- 
tensively in the greenhouse during the course of the 
investigation. 12-9, 12-12, and 12-7 
were thus shown to be highly resistant to scab. In 
1953 and 1954, commercial plantings of progenies 12-9 
and 12-12 were made in central Wisconsin where scab 
was prevalent on susceptible varieties. The 2 proge- 
nies remained completely free from scab in these tests. 


DESCRIPTION OF THE NEW VARIETIES.—Lines 12-9 
and 12-12 have been increased and released as Wis- 


Progenies 12-3, 
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Taste 4.—Yield and length/diameter ratio of fruit and percentage of mottled fruits from inoculated plants of resistant 


and susceptible varieties, Madison, Wisconsin, 1954" 





Variety Yield = 

or progeny bu./acre 1954 1953 
National Pickling 130 2.79 2.87 
Ohio MR 17 304 3.14 3.15 
2.9 294 3.10 3.10 
12.12 278 2.91 2.97 
LSD (19:1) - 79 


centages of diseased fruits are from 75 fruits. 


consin SMR 9 and Wisconsin SMR 12, respectively. 
These varieties differ from each other chiefly in the 
relative length/diameter ratio of fruits. This is an 
important feature in processing and it is for this rea- 
son that both lines were released to the trade. For 
some purposes a relatively short fruit as in SMR 12 
is desired, whereas for other purposes a somewhat 
slimmer fruit as in SMR 9 is needed. In vine type 
and season both varieties are very close to National 
Pickling. The fruits are black-spined. The fruit color 
of both varieties is lighter green than that of National 


TOXIN PRODUCTION 


Length/diameter ratio 


Average 





percentage Percentage of diseased fruits in grade 
— of mottled indicated at last picking = 
fruit Mild mottle Severe mottle White pickle 
64 2 18 59 
16 16 0 0 
13 6 0 0 
5 11 0 0 
22 





“Plants were inoculated with cucumber virus 1. Values for length/diameter ratio are based on 25 fruits; values for per- 


Pickling, which in turn is lighter green than that of 
Ohio MR 17. Both varieties are quite close to National 
Pickling and Wisconsin SR 6 in season, in internal 
structure, and in solidity of fruit. Improvement of the 
double-resistant varieties in fruit color and internal 
structure can undoubtedly be made by outcrossing 
and reselection. Further breeding work with these ob- 
jectives in mind is under way. 
DEPARTMENT OF PLANT PATHOLOGY 
UNIVERSITY OF WISCONSIN 
Mapison, WISCONSIN 


BY HELMINTHOSPORIUM VICTORIAE ! 


H. H. Luke and H. E. Wheeler 


SUMMARY 


Previous reports that in artificial culture Helmin- 
thosporium victoriae produces a toxic agent which 
induces the same disease symptoms and shows the 
same host specificity as does the pathogen itself 
were confirmed and extended. A chemically defined 
medium favorable for toxin production and a 
quantitative bioassay of the toxic agent based on 
retardation of root growth were developed. Culture 
filtrates, which at dilutions above 1/1,000,000 re- 
duced root growth of oat seedlings of susceptible 
varieties 50 per cent, had no effect at a dilution of 
1/10 upon seedlings of resistant oat varieties or of 
various garden vegetables and cereal grasses. Five 
mutant cultures, 3 that exhibited varying degrees 
of pathogenicity and 2 that failed to cause any 
symptoms characteristic of the disease were ob- 
tained from a single-spore isolate of H. victoriae. 


Among the pathogenic cultures, differences in path- 
ogenicity correlated with differences in toxin pro- 
duction and these in turn were directly related to 
the growth rates of the 3 cultures. The growth rates 
of the 2 nonpathogenic cultures, neither of which 
produced appreciable quantities of toxin, were simi- 
lar to those of the fastest and slowest growing path- 
ogenic cultures. Tests of culture filtrates adjusted to 
various pH levels indicated that the toxic agent was 
quite stable at pH values below 4 but was unstable 
at higher pH levels and rapidly destroyed by heat 
if the reaction of the filtrate was neutral or alkaline. 
The high activity of the toxic agent, its specificity, 
and the association of its production with patho- 
genicity and growth in artificial culture all indicate 
that this toxin is primarily, if not solely, responsible 
for the symptoms which characterize this disease. 





In its simplest form, the toxin theory states that 
disease symptoms in plants result from the direct 


1 Accepted for publication April 8, 1955. 
Work performed under U. S. Atomic Energy Commission 
contract No. AT-(40-1)-1731. 


action of specific toxic agents produced by the invad- 
ing pathogen. Attempts to establish the validity of 
this theory have produced a mass of circumstantial 
evidence subject to various interpretations. Most of 
this evidence has been obtained from studies of toxic 
substances produced by plant pathogens in artificial 
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culture. Doubt that such toxic substances play im- 
portant roles in plant diseases is based on the fact 
that most of them exhibit one or more of the following 
characteristics: inability to induce all of the symptoms 
found in infected plants. failure to show host specificity 
comparable to that of the pathogen, production in 
larger quantities by weakly pathogenic or nonpatho- 
genic strains than by highly pathogenic strains, or 
production in artificial culture only after periods much 
longer than those required for the development of dis- 
ease symptoms in infected plants. Additional uncer- 
tainty regarding the role of toxins in plant disease 
has resulted from the lack of adequate methods for 
detecting toxins produced in vivo and distinguishing 
these from host reaction products. A discussion of 
these problems and of the need for more direct evi- 
dence regarding the toxin theory may be found in a 
series of review papers devoted to this subject (1, 2, 
3, 5, 11). 

It has been suggested that toxins produced by plant 
pathogens labeled with radioisotopes might allow the 
detection of toxins within host tissues and_ their 
separation from host reaction products, thus providing 
a direct test of the toxin theory (4, 11). Before experi- 
ments with labeled toxins can be carried out, consider- 
able information on a_ suitable toxin-producing 
pathogen must be accumulated. A search of the 
literature indicated that Helminthosporium victoriae 
Meehan & Murphy, which causes severe damage to 
oat varieties possessing the Victoria type of resistance 
to crown rust, is well suited for such a study. In 
artificial culture, this pathogen produces a toxic agent 
which induces symptoms typical of the disease in oats 
and which exhibits a specificity similar to that of the 
pathogen (6, 7). It has also been shown that this 
pathogen can be labeled with radioactive carbon and 
still retain both its pathogenicity and its ability to 
produce the toxic agent (10, 11). The present report 
will deal with methods for producing high yields of 
the toxin, its specificity, a quantitative procedure for 
its bioassay, and the relation of growth and toxin 
production to pathogenicity of various isolates of this 
organism. A brief report of methods for isolation 
and partial purification of the toxin has been published 


(12). 


MATERIALS AND METHODS.—Methods for production 
and bioassay of the toxin produced by H. victoriae 
were developed with an isolate supplied by J. G. 
Atkins, Jr. This isolate, which originally produced 
high yields of toxin and caused severe disease symp- 
toms on susceptible varieties of oats, eventually lost 
both its toxin-producing ability and its pathogenicity. 
Further studies were carried out with cultures isolated 
during the spring of 1952 from naturally infected 
plants grown in the vicinity of Baton Rouge, Louisiana. 
Immediately after isolation, these cultures were tested 
for pathogenicity, and 10-15 single spores were 
isolated from each culture that caused typical disease 
symptoms. All experiments were conducted with cul- 


tures derived from these single-spore isolates. Stock 
cultures were stored at approximately 15°C in tubes 
of sterile soil, whereas cultures for routine laboratory 
use were maintained on oatmeal-agar slants at room 
temperature. Under the latter conditions, loss of 
pathogenicity and toxin-producing ability as well as 
changes in cultural characteristics often occurred. In 
nearly all such cases, the fungus could be recovered 
in its original form by reisolation from stocks stored 
in soil. 

Bioassay of the toxin.—The results of a series of 
preliminary experiments confirmed previous reports 
(6, 7) that filtrates from cultures of H. victoriae con- 
tain a toxic substance that causes essentially the 
same disease symptoms as the pathogen itself. Suscep- 
tible varieties of oats treated with this toxic material 
show a striking reduction in growth of both roots and 
shoots (7, 12). Since tests revealed that roots were 
affected at much lower concentrations of the toxic 
agent than shoots, root elongation was used to develop 
a bioassay of the toxin. In this assay, oat grains of 
a susceptible variety were washed for 30 minutes in 
running tap water, placed in moist chambers, and 
incubated at 27°C for 42 hours after which grains 
having roots approximately 5 mm long were selected 
for uniformity. Five such grains were placed in a 
standard petri dish containing 5 ml of the material 
to be assayed. These were maintained for 72 hours at 
approximately 27°C and the longest root on each 
seedling was then measured. 

In order to compare various lots of culture filtrates, 
the quantity of toxin in 1 ml required to reduce root 
elongation 50 per cent was designated as 1 milliunit, 
1 unit being equal to 1000 milliunits. Levels of toxic 
activity were determined by assaying serial dilutions 
of toxic culture filtrates, plotting root lengths against 
the various dilution factors, and interpolating from 
the curve obtained the dilution factor required to retard 
root growth 50 per cent as compared to a distilled 
water check. This dilution factor divided by 1000 
gave the number of units of toxin per ml. 


Toxin production.—After a series of screening tests 
involving several types of natural and synthetic media 
and a variety of culture techniques, the following 
procedure was adopted as the most satisfactory one 
for obtaining high yields of the toxin produced by 
H. victoriae. Mycelial suspensions for seeding produc- 
tion flasks were prepared by transferring fungal 
material (together with a small amount of agar adher- 
ing to it) from oatmeal-agar slants to 250-ml Erlen- 
meyer flasks containing a number of pieces of broken 
glass rods and 25 ml of a modified Fries’ medium?. 
These flasks were incubated at room temperature for 
4 days after which they were placed on a mechanical 
shaker and thoroughly agitated for 30 minutes. During 
this process, the sharp edges of the broken glass cut 


2 This medium consisted of: 5 g (NH,)sC,sHiOs, 1 g 
NH.NOs, 1 g KzHPO,, 0.5 g MgSO,-7 H.O, 0.13 g CaCl, 
0.1 g NaCl, 30 g sucrose, and distilled water to make 1 liter. 
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the mycelium into small bits, yielding a heavy 
mycelial suspension, 1 ml of which was used to seed 
each production flask. Production flasks of various 
sizes were used with highest yields of toxin being 
obtained from stationary cultures grown at 22-—25°C 
on shallow layers of modified Fries’ medium in small 
flasks. When grown on 20 ml of medium in 125-ml 
flasks, several of the isolates used in this study con- 
sistently yielded culture filtrates which assayed above 
500 units per ml and in exceptional cases filtrates 
assaying above 5000 units per ml were obtained. In 
larger flasks, yields were considerably lower; for 
example, with 200 ml of medium in 2-liter flasks the 
most toxic culture filtrates obtained assayed slightly 
above 100 units per ml. 

Unless otherwise specified, culture fluids to be 
assayed for toxic activity were first partially freed 
of fungal material by passage through several layers 
of cheesecloth. They were then autoclaved for 15 
minutes at 17 lb. pressure and filtered through What- 
man no. | filter paper. A few assays were conducted 
with culture filtrates diluted with modified Fries’ 
medium lacking sucrose rather than with distilled 
water. Since similar results were obtained with both 
diluents all further tests were conducted with filtrates 
diluted with distilled water. 


EXPERIMENTAL RESULTS.—Toxin specificity.—Previ- 
ous investigators (6, 7, 8) have reported that oat 
varieties possessing the “Victoria type” of resistance 
to crown rust were much more severely damaged by 
H. victoriae and by the toxin produced by this patho- 
gen than were oat varieties of other types. Tests 
involving 5 Victoria type varieties (Fulgrain, Victor- 
grain, Victorgrain 48-93, Victoria, and Arlington) and 
4 non-Victoria type varieties (Nortex, New Nortex, 
Fergerson, and Camellia) confirmed these observations. 
Grains of each of these 9 varieties were used to assay 
a single lot of filtrate from a culture of H. victoriae. 
With the 5 Victoria varieties, all of which were equally 
sensitive, 50 per cent reduction in root growth was 
obtained at a 1/1,200,000 dilution of the culture filtrate. 
The other 4 varieties were all relatively nonsensitive, 
a 50 per cent reduction in root length occurred only 
at dilutions of 1/6 or less. A typical example of the 
striking difference in the sensitivity of the 2 types of 
varieties to the toxin produced by H. victoriae is 
shown in Figure 1. 

Nothing was found in the literature regarding the 
effects of culture filtrates of H. victoriae on plants 
other than oats. Tests with a number of cereals (wheat, 
rye, barley, rice, and corn) and with garden vegetables 
(lettuce, tomato, pea, beet, carrot, cucumber, okra, 
radish, mustard, bean, and spinach) revealed that all 
of these plants reacted to the toxin in essentially the 
same manner as nonsensitive varieties of oats. 
Although no tests were made with microorganisms, 
bacteria and a number of species of fungi were 
observed growing vigorously in undiluted culture 
filtrates of H. victoriae during the course of various 
experiments. 
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Growth, toxin production, and pathogenicity—A 
series of preliminary tests indicated that the patho- 
genicity of various isolates of H. victoriae was closely 
related to their ability to produce the toxic principle 
in artificial culture. To study this relationship, 5 
isolates that varied in pathogenicity were selected 
(Fig. 2). These 5 isolates, designated A, B, C, D, 
and E, were all derived from a single-spore culture 
obtained from a naturally infected plant of Victor- 
grain 48-93. They were used in an experiment in 
which growth, pH changes in the culture medium, 
toxin production, and pathogenicity were determined. 
Mycelial suspensions of each of the 5 isolates were 
used to seed 500-ml production flasks containing 50 
ml of modified Fries’ medium. Growth, pH, and toxin 
determinations were begun 5 days after seeding and 
repeated at 2-day intervals thereafter. Growth deter- 
minations were made by removing, washing, drying, 
and weighing the mycelial mats from 4 flasks repre- 
senting each isolate. At the same time the pH of a 
composite sample from the 4 flasks was determined 
with a Beckman potentiometer and a similar sample 
was assayed for toxic activity using oat grains of 
Victorgrain 48-93. 

Inoculum for pathogenicity tests was prepared by 
separately fragmenting 20 g of mycelium from each 
isolate in 600 ml of water in a Waring Blendor. Fifty 
ml of inoculum was mixed with 50 oat grains which 
then were planted in a 4-in. pot of soil. A total of 6 
replications were employed for each isolate using oat 
grains of susceptible (Victorgrain 48-93) and resistant 
(Camellia) varieties. The number of surviving plants 
in each pot was determined at 5-day intervals for a 
period of 30 days. 

The results of this experiment are shown in Figures 
3-6. The pathogenicity test (Fig. 6) confirmed previ- 
ous results (Fig. 2) which indicated that isolate C was 
highly pathogenic, A somewhat less so, D slightly 
pathogenic, while B and E were nonpathogenic to 
plants of Victorgrain 48-93. None of the isolates caused 
a significant reduction in the number of plants of the 
Camellia variety. Furthermore, none of the inoculated 
plants of the resistant variety showed symptoms (basal 
necrosis or leaf striping) that characterize diseased 
plants. 

The results presented in Figures 3, 5, and 6 show 
that isolates C, A, and D ranked in the same order 
in growth rate and toxin production as they did in 
pathogenicity. With these 3 isolates, maximum yields 
of toxin occurred shortly after the mycelial weight 
reached a maximum, and fluctuations in growth rates 
during the entire period were immediately reflected by 
fluctuations in yields of toxin. These results indicated 
that differences in pathogenicity among these 3 
isolates were directly related to differences in the 
quantity of toxin produced and the time required for 
its production which in turn was a direct function 
of the growth characteristics of the isolates. On the 
other hand, lack of toxin production by the nonpatho- 
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genic isolates (E and B) could not | 
to inability to grow since the growth rate of E was 
intermediate to that of A and C. while B grew only 


slightly slower than D. The most toxic filtrates pro- 
duced by isolates B and E assayed less than 0.01 units 


per ml—a value too low to be plotted on the scale 
used in Figure 5. 

The pH values of the culture meduim (Fig. 4) 
varied inversely with the growth of the isolates and 
also with the quantity of toxin produced by the 3 
pathogenic isolates. The toxicity of culture filtrates, 
however, could not be attributed to acid production 
per se, since isolate E which produced insignificant 
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amounts of toxin yielded pH values essentially the 
same as those obtained with the high toxin-producer, 
isolate C. The most striking feature of the pH curves 
was the sharp rise that occurred near the end of the 
test period and coincided with an almost complete 
loss of toxic activity in the cultures filtrates of A. C. 
and D (Fig. 4, 5). 

Stability of the toxic principle——At the outset of 
these studies, several lots of culture filtrate with pH 
values ranging from 2.4 to 3.5 were autoclaved at 
17 lb. pressure for periods up to 2 hours. These. 
assayed immediately after autoclaving, showed no loss 
in toxic activity; hence, all culture filtrates were 
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Fic. 1-2.—Fig. 1. Response of 2 varieties of oats to various dilutions of a culture filtrate of H. victoriae. Top row, 


Victorgrain 48-93 (susceptible); bottom row, Camellia (resistant) .—Fig. 


2. Effects of 4 isolates (A, C, D, and E), 


obtained as variants from a single-spore culture of H. victoriae, on seedlings of the oat variety Victorgrain 48-93. Iso- 
late B (not shown) produced effects similar to those obtained with E. G is a noninoculated control. 
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toxic agent at various pH levels. Two series of tests 
were conducted. In the first of these, aliquots from 
a single lot of culture filtrate with a pH of 3 were 
adjusted to pH 4, 6, 8, and 10 with NaOH solution. 
These were stored at 10°C for 8 days during which 


routinely autoclaved at 17 lb. pressure for 15 minutes 
to destroy any fragments of mycelium which might 
be present. In view of the loss of toxic activity which 
occurred as the pH of the culture medium rose (Fig. 
4. 5) it seemed desirable to study the stability of the 
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Fig. 3-6. Growth, pH changes, toxin production, and pathogenicity of isolates of H. victoriae. Open triangles, isolate 
A; solid triangles, B; open circles, C; barred circles, D; solid circles, E. Broken line in Figure 6 represents a noninocu- 


lated control. 
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they were assayed daily. During this period, samples 
with pH values of 3 and 4 showed no loss in activity. 
At pH 6 a very slight loss was noted after 5 days, 
at pH 8 about 50 per cent was lost after 1 day with 
less than 10 per cent remaining at the end of the 
8-day period, and at pH 10 a 90 per cent loss occurred 
immediately with complete loss occurring after 4 days 
of storage. (Complete loss of activity was assumed if 
the filtrate failed to exhibit greater toxicity to Victor- 
grain 48-93 oats than to Camellia oats). This test 
was repeated with duplicate samples which had been 
autoclaved (17 lb. pressure for 15 minutes) after 
pH adjustment. With these, slight losses occurred 
after 5 days at pH 3 and 4, while at pH 6 and 8 the 
losses were similar to those observed in nonautoclaved 
samples at pH 8 and 10. Samples adjusted to pH 10, 
then autoclaved and assayed immediately, showed a 
complete loss of activity. 

In the second series of tests, samples were adjusted 
to pH 6, 8, and 10 with NaOH solution and immedi- 
ately readjusted with HCl solution to the original pH 
of 3. When such samples were assayed immediately, 
no appreciable loss of activity was observed. If the 
samples were heated or stored for a period of time, 
losses occurred that were similar to those found in 
the first test in which the pH values were not 
readjusted. 

Effect of filtrates on resistant hosts—Results, such as 
those shown in Figure 1, demonstrated that culture 
filtrates of H. victoriae can be obtained which are at 
least 100,000-fold more toxic to hosts susceptible to 
this pathogen than to those which are resistant. This 
indicates that such filtrates contain at least 1 toxic 
substance that is highly specific in nature. Several 
lines of evidence indicate that a second, nonspecific 


factor is primarily responsible for the low order of 
toxicity which these filtrates show to resistant hosts, 
First, filtrates from nonpathogenic isolates, such as 
B and E, cause 50 per cent retardation in root growth 
of both susceptible and resistant plants at dilutions 
of about 1/5 and are as toxic to resistant plants as are 
filtrates from highly pathogenic cultures. Second. 
filtrates adjusted to an alkaline reaction and heated 
for a prolonged period show a loss of more than 99,9 
per cent in toxic activity when assayed with susceptible 
plants but remain as toxic to resistant plants as the 
original untreated material. Third, it was found 
possible to remove the nonspecific toxin without de- 
stroying the specific toxin. A crude culture filtrate, 
which caused 50 per cent reduction in root growth of 
resistant plants at 1/5 dilution, was partially purified 
by adsorption on charcoal and elution with acetone 
followed by separation on a chromatographic column, 
One of the fractions recovered was as toxic to suscep- 
tible plants as the original crude filtrate but showed 
no toxicity to resistant plants even in undiluted form, 
These observations strongly indicate that culture 
filtrates of H. victoriae contain at least 2 toxic sub- 
stances: | that is highly active and specific for plants 
susceptible to the fungus and a second that is much 
less active and nonspecific. It is possible that this 
nonspecific toxic factor is responsible for the minor 
symptoms such as leaf flecking which several investi- 
gators (6, 8, 9) have reported to occur on resistant 
plants inoculated with H. victoriae. 
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THE RELATIONSHIP OF ROOT-KNOT NEMATODES TO 


BLACK-SHANK 


RESISTANCE IN TOBACCO! 
J. N. Sasser, G. B. Lucas, and H. R. Powers, Jr. 


SUMMARY 


In greenhouse experiments, plants of 2 varieties 
of black-shank-resistant tobacco were grown in 
steamed soil to which Phytophthora parasitica var. 
nicotianae and Meloidogyne spp. were added alone 
and in combination. Those plants inoculated with 
the black-shank fungus in the presence of root-knot 
nematodes developed black-shank symptoms earlier 
and to a greater extent than did plants grown in 
soil infested with only the black-shank fungus. 
The role of the nematodes appears to be more than 


the wounding of root tissues alone, since plants the 
roots of which were cut and inoculated immediately 
or at later intervals with the black-shank fungus 
had no greater incidence of black shank than un- 
injured inoculated plants. These experiments 
indicate that until nematode-resistant tobacco varie- 
ties are available it will be advisable to control root 
knot either by soil fumigation or crop rotation in 
fields where the black-shank fungus also is present. 





Two of the principal diseases of tobacco (Nicotiana 
tabacum L.) in North Carolina are Granville wilt 
(caused by Pseudomonas solanacearum E. F. Sm.) and 
black shank (caused by Phytophthora parasitica Dast. 
var. nicotianae (B. de Haan) Tucker). In 1949, 
varieties of flue-cured tobacco resistant to both black 
shank and Granville wilt were released in North 
Carolina. By 1951, 1 of these varieties (Dixie Bright 
101, which has moderate black-shank resistance) was 
being grown successfully on a large acreage. In some 
fields, however, this variety did not grow well, and a 
high percentage of the plants were killed by black 
shank. Often such fields were found to be heavily in- 
fested with 1 to several species of parasitic nematodes: 
root-knot nematodes (Meloidogyne spp.), meadow 
nematodes (Pratylenchus spp.), and the tessellate 
stylet nematode (Tylenchorhynchus claytoni Steiner). 

Nusbaum and Chaplin? found that damage caused 
by black shank was greatly reduced when measures 
were taken to control nematodes in these fields by 
soil fumigation. They also showed, in 
experiments, that the fumigants used were not fungi- 
cidal even at rates 10 times as high as those used in 
the field for nematode control. These observations 
provided strong circumstantial evidence that parasitic 
nematodes were contributing to the increased damage 
caused by black shank in certain fields. 


greenhouse 


No reports were found in the literature of experi- 
ments conducted under controlled conditions to investi- 
gate the possibility of interaction between root-knot 
nematodes and the black-shank fungus. Greenhouse 
experiments were initiated, therefore, to determine 
the specific role of the cotton root-knot nematode, 


1 Accepted for publication April 1, 1955. 

Contribution from Plant Pathology, North Carolina Agri 
cultural Experiment Station, Raleigh, North Carolina. 
Published with the approval of the Director of Research 
as Paper No. 623 of the Journal Series. 

“Nusbaum, C. J., and J. F. Chaplin. 1952. Reduction of 
the incidence of black shank in resistant tobacco varieties 
by soil fumigation. (Abs.) Phytopathology 42: 15. 


Meloidogyne incognita acrita Chitwood, and other 
Meloidogyne spp. in altering the resistance of tobacco 
to black shank. A preliminary report has been 
published. 

MATERIALS AND METHODS.—Tobacco seedlings of 
variety Dixie Bright 101 (moderately black-shank 
resistant) or Dixie Bright 102 (highly black-shank 
resistant) were grown in thumb pots until they reached 
transplant size and were then repotted into 4- or 6-in. 
The plants were divided into 4 groups and 
approximately 5 g of tomato or tobacco roots contain- 
ing egg masses of the cotton root-knot nematode M. 
incognita acrita, was added to the steamed soil in 
each pot of 1 group of plants. In some of the pre- 
liminary tests, M. incognita and M. javanica were also 
used. Fifty ml of a water suspension of mycelial 
fragments from a 2-week-old oatmeal-agar culture of 
the black-shank fungus was poured over the root 
system in each pot of the second group of plants. A 
third group of plants had both pathogens added to the 
soil as indicated above, and a fourth group, the con- 
trols, was grown in steamed or methyl bromide fumi- 
gated soil in the absence of both pathogens. The 
experiment was repeated 6 times. Usually 20 plants 
were included in each treatment and the tests were 
conducted at greenhouse temperatures ranging from 
21-27°C at night to 27—38°C in the daytime. Height 
measurements and numbers of plants with visible 
symptoms of black shank were made at weeklv intervals. 


pots. 


To determine whether plants already infected with 
root-knot nematodes would be more severely damaged 
by the black-shank fungus than would healthy plants, 
Dixie Bright 101 seedlings were transplanted to 
steamed soil and treated in the following manner: 1) 
root-knot inoculum was added to the soil and the 
plants were allowed to grow for 30 days, or 2) plants 
to which no root-knot inoculum had been added were 


3 Sasser, J. N., H. R. Powers, Jr., and G. B. Lucas. 1953. 
The effect of root-knot nematodes (Meloidogyne spp.) on 
the expression of black shank resistance in tobacco. (Abs.) 
Phytopathology 43: 483. 
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allowed to grow for 30 days. The black-shank fungus 


was added to the soil of half of the plants in each 


treatment. 
To determine the effect of mechanical root injury 
on black shank incidence, separate tests were con- 


ducted with a group of transplants in which the roots 
on 1 side of each transplant were cut with a sharp 
knife. Since decomposition products from rotting plant 
material may also injure living roots, approximately 
5 g of chopped healthy tomato roots was placed under 
Fifty 
ml of a suspension of mycelial fragments of the black- 


each plant of a second group of transplants. 


shank fungus was then added to the soil of both groups 
at 1 of the following intervals: 1) transplanting time, 
2) 1 day after transplanting. 3) 2 days after trans- 
planting, and 4) 4 afte1 The 


plants receiving these treatments were then compared 


days transplanting. 
with transplants with uncut roots which were inocu- 
lated with the black-shank fungus either at 1) 
1 day after transplanting. 


trans- 
planting time or 2) 

EXPERIMENTAL RESULTS.—Within 1 week after trans- 
planting, plants growing in soil to which both the 
black-shank fungus and the root-knot nematodes had 


been added were more stunted than those in the other 


treatments, and some of the plants were also wilted. 
This was true in all tests. In 
percentage of the plants had black stem-lesions typical 
of black shank either 


sharp contrast, at the end of 2 weeks a low percentage 


ibout 2 weeks a high 


and were dead or dying. In 


of the plants growing in soil infested only with P. 


parasitica var. nicotianae were showing black-shank 
symptoms (Fig. 1). 

In a typical experiment, 75-100 per cent of the 
plants grown in soil infested with both pathogens were 
dead within 3 after 


infested with only the black-shank fungus, 


weeks transplanting. In_ soil 


however, 


the number of plants exhibiting black-shank symp- 
toms ranged from 0-30 per cent (Fig. 2). Neither 


the control plants nor those growing in soil infested 








Appearance of plants of Dixie Bright 101 inocu- 
lated at transplanting time. Left: inoculated with black- 
shank fungus only. Center: inoculated with both the 
black-shank fungus and root-knot nematodes. Right: 
inoculated with root-knot nematodes only. Note stem 
lesion on the plant to left of middle group. 


Fig. 1. 
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with root-knot nematodes had black shank. 


Further evidence that the combination of the 2 
organisms has a greater pathogenic effect than either 
alone is shown by the data based on height measure. 
ments. As shown in Figure 3, plants growing in soil 
infested with root-knot nematodes and the black-shank 
fungus were severely stunted, whereas those growing 
i latter grew 
almost as rapidly as the controls. Plants growing in 
soil infested with root-knot nematodes were taller than 
those growing in soil infested with both pathogens, 


in soil containing only the pathogen 


When Dixie Bright 101 tobacco plants were allowed 
to grow for 30 days in soil infested with root-knot 
nematodes prior to the addition of the black-shank 
fungus some plants developed black-shank symptoms 
within a week after the addition of the fungus. Root- 
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Fic. 2-3.—Fig. 2. Percentage of plants showing black 


shank symptoms after 3 weeks’ growth in soil to which 
root-knot nematodes and the black-shank fungus had been 
added alone and in combination.—Fig. 3. Average increase 
in plant height of tobacco plants after 14 days’ growth in 
soil to which root-knot nematodes and the black-shank 
fungus had been added alone and in combination. 
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knot-free plants of the same age also inoculated with 
the black-shank fungus showed no symptoms of black 
shank. One month after inoculation with the black- 
shank fungus, 80 per cent of the nematode-infected 
plants obviously were infected with the black shank 
fungus. Root-knot-free plants of the same age which 
had been inoculated with the black-shank fungus 
showed no black-shank symptoms, although they were 
noticeably smaller than the control plants and than 
plants growing in soil to which only the black-shank 
fungus had been added. 

Cutting the roots or permitting chopped healthy 
tomato roots to decay in contact with the tobacco 
roots and then adding the black-shank fungus immedi- 
ately or at later intervals did not increase the incidence 


of black shank. 


DiscUSSION AND CONCLUSIONS. —In nematode-free 
soil, Dixie Bright 101 is moderately resistant and 
Dixie Bright 102 is highly resistant to black shank. 
These varieties, however, are susceptible to all the 
root-knot-nematodes species known in this country as 
well as to the meadow nematodes and the tessellate 
stylet nematode. Although nematodes rarely kill 
plants outright, they can cause considerable injury 
by feeding on the roots. It cannot be stated conclu- 
sively, however, that these injuries are the only factor 
involved in predisposing the plants to more severe 
damage by the black-shank organism, as it is known 
that wounds are not necessary for the black-shank 
fungus to enter the roots.* In addition, allowing the 
plants to become severely infected with the reot-knot- 
nematode prior to the addition of the black-shank 
fungus increased the black-shank damage to the same 
degree as the addition of both organisms at time of 
transplanting. 

In the case of the root-knot nematode on tobacco, 


the host-parasite reaction is complex. Necrosis of the 
tissue usually occurs only under conditions of mass 
invasion of the roots by the nematode. There is, 
however pronounced hypertrophy and hyperplasia that 
result in malformation of the roots. Such abnormalities 
obviously affect root functions, but the physiochemical 
effects of the secretions from the salivary glands 
injected into the host tissue by a large number of 
nematodes might even be more detrimental to the 
plant. 

These experiments, conducted under partially 
controlled conditions, have shown that root-knot 
nematodes in combination with the black-shank fungus 
invariably increase the incidence of black shank. 
Furthermore, factors other than mechanical injury 
appear to be involved in the break-down of resistance. 
It may be that the nematodes contribute to some 
biochemical alteration of the host cells that makes 
them a more congenial substrate for the black-shank 
fungus. Whether or not such a complex relation 
exists awaits further study. It is evident, however, 
that until nematode-resistant tobacco varieties are 
available, it will be advisable to control root knot, 
either by soil fumigation or crop rotation, in fields 
where black shank is present. Otherwise, full value 
will not be received from the use of present day black- 
shank-resistant varieties. 


PLANT PATHOLOGY 
NortH CAROLINA STATE COLLEGE 
RaALeicH, NortH CAROLINA 


4 Nusbaum, C. J. 1952. Host-parasitic relations of Phyto- 
phthora parasitica var. nicotinae in roots of resistant and 
susceptible tobacco varieties. (Abs.) Phytopathology 42: 
286. 
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V-8 Juice Agar as a General-purpose Medium for 
Fungi and Bacteria. Patrick M. Mitter.' A culture 
medium that will support growth or sporulation of 
widely diverse types of fungi and bacteria is a useful 
or necessary tool for workers in plant pathology. Po- 
tato-dextrose agar (PDA) is often used for this pur- 
pose; however, some fungi, such as Stemphylium 
solani Weber, sporulate poorly if at all on it. 


Diener? found that a 20 per cent V-8 juice agar 


1Formerly Assistant in Plant Pathology, Department of 
Horticulture, University of Illinois, and now Assistant Plant 
Pathologist, Connecticut Agricultural Experiment Station, 
New Haven, Connecticut. 

“Diener, U. L. 1952. A method for inducing abundant 
sporulation of Stemphylium solani in pure culture, (Abs.) 
Phytopathology 42: 7. 


plus ultraviolet irradiation gave the best sporulation 
by S. solani. V-8 is the proprietary name of a product 
of the Campbell Soup Company and is a mixture of 
juices of tomato, carrot, celery, parsley, beet, lettuce, 
spinach, and watercress. In the past 3 years, however, 
good sporulation by S. solani on V-8 agar was obtained 
without the use of irradiation. The agar is prepared 
by combining 200 ml of V-8 juice and 3 g of calcium 
carbonate with the amount of agar desired and dilut- 
ing with water to 1 liter. The pH of agar prepared in 
this manner is about 7.25, but the pH can be changed 
by varying the amount of calcium carbonate. In tests 
utilizing agar slants, S. solani, Alternaria solani (Ell. 
& G. Martin) Sor., S. sarcinaeforme (Cav.) Wiltsh., 
S. botryosum Wallr., Septoria lycopersici Speg., Hel- 
minthosporium turcicum Pass., and Phytophthora in- 
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festans (Mont.) D By. sporulated better on V-8 agar 


than on PDA. Aspergillus niger Michele, Penicillium 
oxalicum Thom, and Monilinia fructicola (Wint.) 
Honey sporulated equally well 
Sporulation by S. sarcinaeforme on V-8 agar was equal 
to that obtained on oat-meal agar. Sporulation by P. 
infestans on V-8 agar was almost equal to that on lima- 
bean agar. Glomerella cingulata (Ston.) Spauld. & 
Schrenk grew slightly better on PDA than on V-8 agar 
but it has been the only organism tested to do so. 

In routine culture work at the University of Illinois 
and at the Connecticut Agricultural Experiment Sta- 
tion, V-8 agar was used successfully for the culture of 
a very diverse group of organisms. These include, be- 
sides those previously named, Erwinia amylovora 
(Burr.) Winsl. et al, Xanthomonas campestris (Pam.) 
Dows., Corynebacterium michiganense (E. F. Sm.) H. 
L. Jens., Botryosphaeria ribis Gross. & Dug., Pleospora 
herbarum (Fr.) Rab., Physalospora obtusa (Schw.) 
Cke., Colletotrichum phomoides (Sacc.) Chester (Glo- 
merella phomoides (Sacc.) Swank), Alternaria tenuis 
Auct., and a very wide variety of soil fungi, including 
sclerotial and non-sclerotial types, and perfect and im- 
perfect forms. The juice is usually used unfiltered, but 
for soil fungi it can be used successfully either filtered 
or unfiltered. Besides its versatility as a general media, 
V-8 agar is an inexpensive media—juice enough for 1 
liter of agar costing less than 7 cents.—University of 
Illinois and the Connecticut Agricultural Experiment 
Station. 


An Extensive Type of Necrotic Host Reaction of 
Oats to Crown Rust... M. D. Simons. Necrotic areas 
on the leaves of the host plant are common symptoms 
of infection of oat seedlings by the crown rust organ- 
ism (Puccinia coronata Cda. var. avena Fraser & Led. ) 
in the greenhouse. This type of reaction is regarded 
as a manifestation of resistance to the pathogen. The 
appearance of the lesions varies, depending upon the 
interaction of host variety. race of the parasite, and 
environment. The affected host tissue may range in 
reaction from simple discoloration to extensive shrink- 
age and distortion. 

Murphy? described 7 types of host reaction to crown 
rust, 3 of which were characterized by the appearance 
of “necrotic areas.” The extent of these areas was not 
mentioned, but it was stated that the infection types 
were similar to those described for stem rust by Stak- 
man, Levine, and Bailey.* The illustrations presented 
by these investigators showed no extensive necrosis, 
and the small necrotic areas were described as being 


1 Journal Paper No J-2664 of the Iowa Agricultural Ex- 
periment Station, Ames, Iowa. Project 1176. 

2 Murphy, H. C. 1935. Physiologic specialization in Puc- 
cinia coronata avenae. U. S. Dept. Agr. Tech. Bul. 433, 48 p. 

3 Stakman, E. C., M. N. Levine, and D. L. Bailey. 1923. 
Biologic forms of Puccinia graminis on varieties of Avena 
spp. Jour. Agr. Res. 24: 1013-1018 


V-8 agar and PDA. 





Fic. 1. Upper: typical reaction of Bond oats to crown rust 
race 202. Lower: characteristic necrotic reaction of Bond 
to certain cultures of crown rust race 258. 


“sharply defined.” Recent illustrations by Finkner* of 
the crown rust infection types, including those typical 
of the Victoria variety, also suggest that a necrotic 
lesion resulting from penetration of a single uredio- 
spore is limited to a small area around the infection 
court. 

In the course of identifying collections of crown 
rust made in 1951, it was observed that infected leaves 
of the differential variety Bond were sometimes either 
completely dead or that they contained large, irregular 
areas of dead tissue (Fig. 1). Uredia often were pres- 
ent in the living sections and occasionally in some of 
the necrotic areas of infected leaves. The size and 
vigor of these uredia were more or less inversely pro- 
portional to the size and to the degree of distortion of 
the necrotic area. Previously, leaves of the old crown 
rust differential variety Sunrise often had shown some- 
what similar symptoms. It was assumed, however, 
that the leaves of Sunrise were merely unusually sus- 
ceptible to injury from high temperature or other 
unfavorable conditions in the humidity chamber. As 
Bond exhibited this reaction under a wide range of 
conditions, including conditions regarded as optimum, 
it was evident that the large necrotic areas were the 
result of something other than unfavorable environ- 
ment. The general appearance of the necrotic lesions 
suggested that they might be due to the action of some 
facultative parasite such as Septoria avenae Frank. In 
subsequent inoculations, however, cultures increased 
from single well-isolated uredia occurring on leaves 
showing no necrosis would induce as much necrosis as 
the parent culture. The cultures inducing this reaction 
in Bond were relatively common, and the necrotic le- 
sions have been observed only on Bond or Bond- 
derived varieties. None of the other symptoms asso- 
ciated with other common diseases of oats, such as the 


4Finkner, V. C. 1954. Genetic factors governing resist- 
ance and susceptibility of oats to Puccinia coronata var. 
avenae, F. and L., race 57. Iowa Agr. Exp. Sta. Res. Bul. 
411: 1040-1063. 
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pycnidia of S. avenae or the halos or exudates associ- 
ated with common bacterial pathogens were ever ob- 
served in or near these lesions. Consequently, it was 
concluded that the large lesions were the result of in- 
fection by the crown rust organism. 

Attempts to isolate a pure culture of the rust organ- 
ism that would consistently induce necrosis without 
the formation of susceptible-type uredia anywhere on 
the leaves of Bond have so far been unsuccessful. This 
yariable reaction type on a single leaf of Bond, rang- 
ing from fully susceptible 4-type uredia to large, ne- 
crotic, shriveled areas containing no uredia, appears 
to be an inherent characteristic of this particular host- 
parasite interaction. It should be noted, however, that 
the sporulating uredia were almost always few in num- 
ber, and that it was very difficult or impossible to 
maintain these cultures from generation to generation 
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on the Bond variety. 

Data obtained from the identification of crown rust 
collections made in 1952 and 1953 indicated that cul- 
tures that induced this extensive necrotic reaction in 
Bond usually induced susceptible or moderately sus- 
ceptible reactions in the Victoria variety. When rela- 
tive spore production was used as the criterion of re- 
action type, Bond was classified as “resistant” to these 
cultures, most of which then keyed out to race 258.5— 
Field Crops Research Branch, Agricultural Research 
Service, U. S. Department of Agriculture and lowa 
Agricultural Experiment Station. 


5 Simons, M. D., and H. C. Murphy. A comparison of the 
relative efficiency of certain combinations of oat varieties 
in differentiating races of crown rust. U. S. Dept. Agr. 
Tech. Bul. (In press). 


LISTING OF BOOKS 


PHYTOPATHOLOGY will, from time to time as space becomes available, list titles-of books on pathological sub- 
jects. A brief description of the contents of the books will be included. 


Boyce. J. S. 1954. Forest plantation protection 
against diseases and insect pests. F.A.O. Forestry 
Development Paper No. 3. Food and Agriculture 
Organization of the United Nations. Rome, Italy. 
41 p. Price $0.50—2s. 6d. 


A critical summary of the world literature relat- 
ing to disease and insect problems in forest planta- 
tions. The author emphasizes the lessons to be learned 
from the older plantations in western Europe, where 
forest planting first began. There is a bibliography 
of 47 English and 24 foreign titles. The author is 
Professor of Forest Pathology at Yale University. 


Wescott, CyntH1A, Peter K. NeEtson, AND EpitroriaAL 
COMMITTEE OF THE BROOKLYN BoTANIC GARDEN, 
ED. 1955. Handbook on pests and diseases. Brook- 
lyn Botanic Garden, Brooklyn 25, N. Y. 96 p. 
Price $1.00. 


This special printing of PLANTs AND GARDENS con- 
sists of 12 illustrated articles by eminent plant pathol- 
ogists and entomologists. The material presented is 
limited to the common diseases and insect pests of 
basic ornamental plantings: shrubs, small trees, roses, 
lawns, a few perennials, and a few house plants. 
An index lists the pests and diseases described and 
tells how each can be recognized. 


ABSTRACT OF A PAPER PRESENTED AT THE 1955 ANNUAL MEETING OF THE SOUTHERN 
DIVISION OF THE AMERICAN PHYTOPATHOLOGICAL SOCIETY 


This abstract was omitted inadvertently from the list of abstracts published together with the report of the 


meeting (PHYTOPATHOLOGY 45: 346-350). 


Development of burley varieties of tobacco resistant to 
black shank, Fusarium wilt, wildfire, tobacco mosaic, and 
black root-rot. Heccestap, H. E., ano E. E. Crayton. To- 
bacco varieties Burley 11A and Burley 11B, recently de- 
veloped and released, have combined resistance to black 
shank, caused by Phytophthora parasitica var. nicotianae; 
and black root-rot, caused by Thielaviopsis basicola. Bur- 
ley 11B is slightly more resistant to all of the diseases than 
Burley 11A. Average results from 18 replicated variety 
tests conducted in 1953 in absence of disease showed Bur- 
ley 11A to be superior to commonly grown varieties in 
quality and about equal in yielding ability. Burley 11B 


was somewhat inferior to Burley 11A in yield and quality. 
A new variety, Burley 21, also has been developed with 
combined resistance to wildfire (caused by Pseudomonas 
tabaci), tobacco mosaic, and black root-rot. The wildfire 
resistance was derived from Nicotiana longiflora and mo- 
saic resistance from N. glutinosa. Burley 21, tested exten- 
sively as Gr. 25, possesses unusual seedling vigor and ex- 
cellent “stand-up” growth habit. Yields and quality char- 
acteristics are good compared with commonly grown va- 
rieties. Several other wildfire-mosaic resistant breeding 
lines, Gr. 26, Gr. 27, Gr. 28, and Gr. 29, were inferior to 
Burley 21 in quality of cured leaf. 
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REPORT AND ABSTRACTS OF THE 


The twelfth regular meeting of the Potomac Divi- 
sion of the American Phytopathological Society was 
held March 3 and 4, 1955, in the auditorium of the 
Plant Industry Station, Beltsville, Maryland. Approxi- 
mately 200 persons attended. 

Twenty-one scientific papers were presented. The 
annual banquet was held in the Plant Industry Station 
cafeteria. Following the banquet. Dr. Karl D. Butler, 
Farm Counselor, Avco Corporation, spoke on “The 
future of agriculture.” During the second day a sym- 
posium on “Fungicides—past, present. and future” was 
held with Dr. J. W. Heuberger as chairman. The top- 





1954-55 ANNUAL MEETING OF THE 
POTOMAC DIVISION OF THE AMERICAN PHYTOPATHOLOGICAL SOCIETY 


ics and speakers were: 1) “History and philosophy of 
the use of fungicides”’—G. L. McNew; 2) “The mode 
of action of fungicides’—-Hubert Martin; 3) “Prob. 
lems encountered in the commercial production and 
formulation of fungicides’—-T. Walter Reed; and 4) 
“Legal and moral aspects encountered in the use of 
fungicides—the Miller Bill”—Richard J. Both. 

The following officers were elected to serve during 
the next year: President, H. Rex Thomas; Vice-Presi- 
dent, J. G. Leach; and Councilor, W. D. McClellan. 


L. O. Weaver, Secretary-Treasurer, 


ABSTRACTS OF PAPERS PRESENTED AT THE MEETING 


Control of an ectoparasitic nematode injurious to decidu- 
ous fruit trees. ApAMs, Rosert E. Young peach trees 
growing in soil treated with 30, 36, and 60 oz. of benzene 
hexachloride (BHC) on 100 sq. ft. of soil showed increased 
growth over untreated trees apparently due to the demon- 
strated control of Xiphinema sp., an ectoparasitic nema- 
tode. A treatment of 90 oz. BHC proved toxic to the trees. 
Excepting the 90-0z. treatment, there was a significant 
negative correlation between tree growth and nematode 
population. Injury to established apple trees by this nema- 
tode is a contributing factor to the condition known locally 
as “pout.” One season’s treatment with BHC improved the 
appearance of such apple trees, reduced the nematode popu- 
lation in the soil, and caused no abnormal flavor in the 
fruit. 

Two sap-transmissible viruses from carnation, BRIERLEY, 
Puitip, AND FLoyp F. Smitu. Two distinct viruses of car- 
nation have been confused in research publications. Carna- 
tion mosaic virus, which is transmissible by sap and by 
Myzus persicae, produces mottling in 10 species of the pink 
family, but fails to infect Gomphrena globosa, tobacco, cu- 
cumber, bean, or China aster. Carnation ringspot virus is 
sap-transmissible to Gomphrena and from Gomphrena to 
tobacco, cucumber, bean, China aster, and other plants. 
Ringspot virus has no known insect vector and has a 
higher tolerance to heat and dilution than mosaic virus. 
Mosaic virus is separable from mixed infections by means 
of transmission by Myzus persicae to healthy Dianthus bar- 
batus or other susceptible pinks, and ringspot virus is sep- 
arable by passage through Gomphrena. Our mosaic virus is 
the carnation mosaic virus of Ames and Thornberry; our 
ringspot virus appears to be the mosaic virus of Noordam, 
Thung, and van der Want. 

Leaf variegation in strawberry. Darrow, Geo. M. Leaf 
variegation has been found in the diploid species Fragaria 
vesca, in the hexaploid F. moschata, in 3  octoploids, 
F. virginiana, F. chiloensis, and F. ovalis, and in many 
horticultural varieties. A causal agent has not been trans- 
mitted by grafting or by insects. The disease appears in 
the cotyledon stage of selfed seedlings as albinism and 
in hybrid progenies as chlorosis of true leaves at any later 
time. In 1 season, variegation appeared in Blakemore 
throughout the United States. In the Blakemore and How- 
ard 17 varieties, nonvariegating stocks have largely replaced 
the variegating ones, and variegation is not now a serious 
trouble in the United States, except in the Wisconsin 537 


variety, of which a nonvariegating stock has been named 
Sharon. In Great Britain, the leading variety Climax is 
variegating and many fear that it may be lost. Variegation 
is considered to be due to an unstable ever-mutating gene 
widely present in the genus Fragaria. Variegated seedlings 
have been obtained by irradiating seed of F. vesca. Use of 
nonmutating or relatively nonmutating varieties in breed- 
ing seems effective for control of variegation. 

Physiologic races of Phytophthora infestans; their use in 
breeding for resistance. GALLEGLY, M. E. Of 16 potato 
races of P. infestans identifiable on differential hosts with 
genes R,, Ro, Rs, and Ry, only races 1,3 and 2,3 are missing 
from the West Virginia collection. Genotypes of selec- 
tions from crosses involving the 4 genes are determined by 
separate inoculations with races 1,2,3; 1,2,4; 1,3,4; and 
2,3,4. A mixture of these races will kill all individuals ex- 
cept those with the 4 genes. Inoculations of Solanum spp. 
and F; hybrids from S. demissum & 2n Solanum spp. with 
the above races and with race 1,2,3,4 show that S. demis- 
sum has at least 2 additional dominant resistance genes. 
By use of these genes, the isolate thought to be race 1,3,4 
proved to be a new race (1,3,4 +-, e.g. 1,3,4,5). Tomato 
isolates of the fungus were found to be either tomato race 
0 or tomato race 1. Isolates within a tomato race varied in 
virulence. Plants with the dominant TR: gene were resis- 
tant to all isolates of race 0 but were susceptible to those of 
race 1. Plants with multiple genes only showed resistance 
to isolates of either race low in virulence, but they may be 
susceptible to more virulent ones. Judicious use of these 
isolates has resulted in tomato selections of commercial 
types bearing both TR: and multiple-gene resistance. 

Pathological effects of a spiral nematode on boxwood 
roots. GOLDEN, A. Morcan. In a study of boxwood roots 
experimentally inoculated with a new species of Helicoty- 
lenchus, the over-all effect of this ectoparasitic nematode on 
the root system was that of stunting and production of 
brownish discoloration. Micrescopic examinations revealed 
numerous tiny brown necrotic lesions on the smaller roots. 
These were concentrated in some areas more than in others. 
4 lesion sometimes involved only 1 or 2 cells on the sur- 
face, but more often several cells leading well into the cor- 
tex of the root were involved. Generally, a few cells around 
and beyond the point of actual penetration by the nematode 
showed a reaction to safranin-fast-green stain different from 
that of unaffected cells. It appears that this nematode 
causes direct injury to the roots in 3 ways: 1) it mechani- 
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cally destroyed the cells and left punctures in the roots; 
2) it changed the cell contents chemically, probably by 
secreting digestive substances while feeding; and 3) it 
removed cell contents as food. 

Wild sources of blueberry stunt virus in New Jersey. 
Hurcuinson, M. T., A. C. Goneen, anp E, H. Varney. 
Blueberry stunt, a virus disease, was described in 1942 on 
diseased plants in cultivated blueberry fields. In 1952 
plants of Vaccinium vacillans, the wild dryland lowbush 
blueberry, developed symptoms of virus infection when 
grafted with scions of cultivated blueberry infected with 
stuat virus. A survey indicated that similar virus symp- 
toms were widely spread through the native population of 
V. vacillans in all areas of New Jersey. It also showed 
that stunt-like symptoms were present in wild V. corym- 
bosum, V. atrococcum, and V. stamineum throughout the 
range of these species in New Jersey. Virus was trans- 
mitted from cultivated and wild V. corymbosum and V. 
vacillans to Vinca rosea by means of dodder (Cuscuta sub- 
inclusa). In Vinca, virus from all 3 sources produced iden- 
tical symptoms. Virus was further transmitted from these 
to other Vinca plants by budding. Subsequently, stunt 
virus was transmitted by grafts and buds from diseased 
wild Vaccinium corymbosum, V. atrococcum, V. stamineum, 
and V. vacillans to healthy V. corybosum (variety Jersey) 
indicaior plants. The widespread distribution of stunt virus 
in wild species of Vaccinium in New Jersey indicates that 
the virus is indigenous there and that it was spread by its 
vector into the first cultivated blueberry fields. 


Studies on the use of antibiotics for the control of bac- 
terial spot of pepper. Krurka, L. R., anp D. F. Crossan, 
Field observations in 1954 indicated that infection could re- 
occur on pepper plants that had been sprayed with varying 
concentrations and applications of Agri-mycin (15 per cent 
streptomycin; 1.5 per cent oxytetracycline) and crude strep- 
tomycin. Spray studies were initiated in the greenhouse and 
laboratory to determine if Agri-mycin was 1) translocated 
into pepper leaves, 2) merely a surface protectant, or 3) 
acting as an eradicant. In tests in which a plate bioassay 
technique was used to determine the presence or absence 
of the antibiotic after spraying, it was found that ex- 
pressed juice from washed pepper leaves did not contain 
detectable amounts of the antibiotic. Bioassays made daily 
for 7 days from plants that were provided with periods of 
free moisture to simulate dew on the leaf surface, showed 
that Agri-mycin (250 ppm) sprayed on leaf surfaces was 
detectable in unwashed leaf samples at 5 days but not at 
10 days after application. In artificiai inoculations, Agri- 
mycin-sprayed (250 ppm) plants afforded a moderate de- 
gree of protection from infection when the inoculum was 
applied within 5 days after application of the antibiotic. 
Application of 3 consecutive sprays of Agri-mycin (500 
ppm) failed to eradicate the organism from infected pepper 
leaves. 

Nematode attacking soybean in Brazil. LorpeLito, Luiz 
Gonzaca E. One of the most serious detriments to soybean 
cultivation in the State of Sao Paulo, Brazil, is infection by 
meadow and root-knot nematodes. Of these 2, the root-knot 
nematodes are best known to the growers. Investigations 
have been carried out to select resistant varieties that could 
be cultivated on a large scale or used in breeding work. 
The variety La. 41-1219, introduced from the United States 
as one that is susceptible in Mississippi, was injured by 
Meloidogyne incognita but resistant to a closely related 
form to be elsewhere described as a new species. The va- 
riety N 46-2652, introduced as a resistant strain, was in- 
jured by the new species of nematode. The variety Abura, 
one of the most widely cultivated varieties, was attacked by 
the new species and also by an undescribed subspecies of 
M. javanica. The 3 members of the genus Meloidogyne 
referred to in this paper are the root-knot forms involved 
in the soybean problem up to the present time. 

Sclerotia production in Stromatinia gladioli as affected by 
potassium and other inorganic nutrients. MARSHALL, B. H.., 
Jr. To determine the effects of several elements on its 
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growth, Stromatinia gladioli was grown on a _ mineral- 
sucrose solution for periods of 14 and 28 days. At the end 
of these periods, the fungus mats were harvested, dried, 
weighed, and examined for sclerotia. Two levels each of 
N (14 and 140 ppm) and of P (9.3 and 93 ppm) were used 
in the nutrient solutions. K, Mg, and B were present at 
several different concentrations. Of the elements tested, K 
had the most influence on the formation of sclerotia. It 
speeds sclerotia production and at a high level (78 ppm) 
provides for the production of approximately 50 per cent 
more sclerotia than at lower levels (7.8 and 39 ppm). An 
increase in K above 78 ppm had no effect on sclerotia. 
Mg and P also had decided effects on sclerotia, but the 
effect of B was very slight. N seemed to affect the size of 
sclerotia, but not their formation. Where N was low, sclero- 
tia were numerous but rudimentary. 


Some responses of fungi to light. McC.LeLian, W. D., 
H. A. Bortuwick, IpA ByorNsson, AND BARTON H. Mar- 
SHALL, Jr. Thirteen different fungi have been screened for 
gross responses to filtered and unfiltered warm white fluor- 
escent and mazda light and to dark. Eight of these have 
shown 1 or more of the following responses to light: 
variability in sporulation, sclerotial formation, sporodochial 
formation, zonation, pycnidial production, or pigmentation. 
Few or no sclerotia are produced by Sclerotium rolfsii in 
the absence of light, but they are formed abundantly when 
cultures are exposed to light. A strain of Stemphylium sp., 
1 of Pestalotia sp., and 1 of Verticillium albo-atrum sporu- 
late freely under fluorescent, mazda, or blue light but not 
under red or far red (about 7000A and above) light or in 
dark. On the other hand, Monilinia fructicola sporulates 
freely, Endothia parasitica pigments poorly, and Verticil- 
lium produces abundant microsclerotia under red or far 
red light or in the dark. A mutant Pestalotia sporulates 
freely under all light conditions tested. Pestalotia and 
Monilinia become light-sensitive following 2 days’ growth 
on potato-dextrose agar. Seven hours of fluorescent light on 
the third day initiates abundant sporulation of Pestalotia, 
but good sporulation of Monilinia is initiated by 7 hours 
dark. Three hours dark is insufficient for sporulation of 
Monilinia, whereas 5 hours results in moderate sporulation. 


Control of blackspot of roses with dust combinations con- 
taining fungicides, insecticides, and miticides. MCCLELLAN, 
W. D., Froyp F. Smirx, anp Epcar A. Taytor. In 1954, 
29 dust combinations were tested on 5 varieties of roses in 
120 field plots. Zineb was used alone or in combination 
with 1.5 per cent Aramite. All other fungicides were used 
alone or in combination with Aramite 1.5 per cent, Ovotran 
1.5 per cent, or malathion 4 per cent. Yield differences due 
to fungicidal treatment were not significant for the black- 
spot-resistant variety Red Radiance, but they were statisti- 
cally significant for the blackspot-susceptible varieties Chief 
Seattle and Golden Masterpiece. Both the number of 
flowers and the average weight per flower were reduced 
by blackspot (caused by Diplocarpon rosae). The mean 
numbers of Golden Masterpiece flowers cut during 1954 
were as follows: no fungicide, 924; copper oxysulfate (3.4 
per cent copper) with 65 per cent sulfur substituted in 
October and September, 907; Copper oxysulfate (3.4 per 
cent copper) and sulfur (25 per cent), 1147; ferbam (7.6 
per cent) and sulfur (25 per cent), 1085; captan (5 per 
cent), 1107; Karathane (1 per cent), 909; and zineb (6.5 
per cent), 1105. The comparable mean weights (g) of the 
flowers cut in September were 7.2, 7.0, 9.2, 10.1, 9.1, 7.5, 
and 9.8, respectively. In contrast to the adverse effects of 
captan on malathion, there were no interactions between 
the fungicides and miticides so far as blackspot control 
was concerned. 


Reaction of various hosts to the fungus causing anthrac- 
nose of tobacco. Morcan, O. D. Studies on the host range 
of the Colletotrichum sp. causing anthracnose of tobacco 
indicated that this organism will attack a wide variety of 
hosts. Of 48 cultivated and wild plants inoculated in the 
greenhouse, 23 were infected. The study on the host reac- 
tion to the fungus was made to determine possible sources 
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of the disease organism. On the basis of the reactions that 
occurred, the hosts could be divided into 3 major groups: 
1) leaf-spot, stem, petiole, and vein-lesion group which 
contained most of the plants under study (tobacco, pepper, 


tomato, cucumber, soybean, jimson weed, garden pea, 
sugar beet, coleus, geranium, and begonia); 2) dry-rot 


group which included the grasses red top, brome, sudan, 
and rye (some leaf spots occurred on brome and sudan 
grass); and 3) wilt group with petiole, vein, and stem le- 
sions occurred mostly on small plants. Included in group 
3 were leaf and head lettuce, a species of wild lettuce, al- 
falfa, red and ladino clover, and sunflower. Results of 
the tests gave information on type of injury to recognize 
on crops and other plants growing in tobacco beds. Plants 
found naturally infected were tomato, jimson weed, leaf 
lettuce, wild lettuce, pepper, and 2 unidentified grasses. 

Captan, zineb, and captan +- zineb for the control of the 
fruit rot phase of Botryosphaeria ribis on apples. ROMANKO, 
R. R., anp J. W. Heusercer. Data obtained on fruit of the 
Rome variety in 1953, under conditions of light infection 
(11 per cent), indicated that captan and zineb might be 
effective in control. Accordingly, in 1954 a block of the 
Rome variety was used for a large-scale field experiment 
in which captan (114-100), zineb (144-100), and captan + 
zineb (34-—%4-100) in the period covered by the fourth 
through eighth cover spray applications. (June 7—August 
23) were tested. Each material was applied with a speed 
sprayer to a 4-row block (88 trees). At harvest, rot counts 
were made on 250 fruits from each of 4 trees for each 
treatment. The percentage fruit infection was as follows: 
unsprayed, 37; captan, 6; zineb, 9; and captan + zineb, 7. 
Storage studies indicated that the control effect of the treat- 
ments carried over into storage. After storage at 1.5°C for 
87 days after harvest, percentage fruit infection was as 
follows: unsprayed, 45; captan, 3; zineb, 8; and captan 
+ zineb, 19. 

Effect of some soil factors on efficiency of fungicides in 
controlling Rhizoctonia solani. Rusupt, M. H. K., ANnpb 
W. F. Jerrers. In liquid medium, 4 ppm Puratized Agri- 
cultural Spray (6 per cent (tris (2-hydroxyethyl) (phenyl- 
mercuri) ammonium lactate) or 20 ppm Arasan (50 per 
cent thiram), Semesan (30 per cent 2-chloro-4-(hydroxy- 
mercuri) phenol), Vancide 51 (30 per cent total active ingre- 
dients: sodium dimethyldithiocarbamate and a sodium de- 
rivative of 2-mercaptobenzothiazole), or Zerlate (76 per cent 
ziram) caused complete inhibition of growth of Rhizoc- 
tonia solani. At 20 ppm, Fermate (76 per cent ferbam) 
and Acti-dione (90 per cent cycloheximide) caused 75 per 
cent inhibition and Dithane Z-78 (65 per cent zineb) was 
only slightly toxic. Copper compounds caused little reduc- 
tion in growth. Effects of soil factors on growth of R. solani 
were studied in tubes containing a soil of normally high 
clay content. Increase in soil moisture and soil tempera- 
ture did not affect fungicidal efficiency. Addition of 1 per 
cent starch reduced the activity of nabam and of Puratized 
Agricultural Spray as well as linear growth of the organ- 
ism, whereas 1 per cent casein had no effect. Addition of 
1 per cent hay or wheat straw reduced the efficiency of 
nabam and of Puratized Agricultural Spray. Five per cent 
hay reduced activity of all fungicides tested except Van- 
cide 51. When the normal soil pH was raised from 4.5 to 
6.1, activity of Vancide 51, nabam, and Puratized Agricul- 
tural Spray was increased whereas activity of Acti-dione 
was decreased. At pH 7.1 activity of Vancide 51 was in- 
creased; there was no effect on nabam and Puratized Agri- 
cultural Spray and activity of Acti-dione was further de- 
creased. 


Structure, function, and host in root-knot nematodes. 
Sterner, G. Sedentary endoparasitism in roots of plants af- 
fects structures and functions of root-knot nematodes in 
various ways. Observations show that root-knot nema- 
todes inside roots take a position with the head in a proxi- 
mal and the tail in a distal direction, with the ventral side 
toward the root surface and the dorsal side toward the 


vascular bundle; thus eggs are near to, and hatching lar- 
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vae are released close to, the root surface and soil. This 
mode of establishment of the nematode is also accompanied 
by a dorsally curved buccal stylet in parasitic larvae and 
adults, a feature hitherto overlooked. The “cheeks” on 
the head of male root-knot nematodes represent ampullas 
of the amphid and are apparently structures to increase 
efficiency of this chemical-sense organ, which in the male 
is enlarged and complex to assure location of female. Tor- 
sion of body of male root-knot nematodes is to insure ef. 
fective copulation. The filiform and cylindrical male thus 
may encircle the globose female effectively. Degree of tor- 
sion appears specific according to species; it may involve 
only 180°, but a maximum of 2% turns (900°) has been 
observed. 


The intake of solutions by tops of freshly cut oak stumps. 
True, R. P., T. M. Jupy, Anp ELpon Ross. Several con- 
ventional silvicides produce a slow or incomplete root-kill 
in treated oaks. These are not entirely satisfactory for use 
in setting up underground barriers of poisoned root sys- 
tems around oak wilt trees to prevent root-graft spread of 
the disease. Studies were undertaken to determine the vol- 
umes of water, of a water-soluble dye, and of a water-solu- 
ble poison that would be taken in through the surfaces of 
freshly cut stumps from stump-top reservoirs placed on red 
oak stumps cut in summer. Stumps took up about 1 liter 
of water per diameter-inch. Isolated stumps took up most 
of this volume in the first 24 hours. Comparable stumps 
absorbed less than % this volume of azosulfamide, a 
water-soluble dye, and less than 1/10 as much of a satu- 
rated solution of copper sulfate. The presence of standing 
live companion sprouts and of other oaks root-grafted to 
the treated tree greatly increased and prolonged absorption. 
Both the dye and the copper sulfate were translocated to 
the crowns of trees organically united to the treated stump. 


Comparison of some methods of dormant conservation of 
fungus cultures. Weiss, FREEMAN A., AND SHUH-WEI HWwaAnc. 
In the routine maintenance of a large number of cultures of 
microorganisms, a comparison has been made of lyophiliza- 
tion or freeze-drying, oil sealing of agar slants, and 
desiccation on soil or other inert substrates. A method, 
first suggested by J. Lederberg, of rapid desiccation of a 
spore suspension on granulated silica gel in small vials, 
which are then sealed without desiccation, has given a high 
rate of survival for 20 months. Use of this method has 
resulted in successful preservation of the following genera: 
Alternaria, Aspergillus, Candida, Colletotrichum, Fusarium, 
Helminthosporium, Penicillium, Saccharomyces, Strepto- 
myces, Torulopsis, and Trichoderma. 


A bacterium from beans antagonistic to Xanthomonas 
phaseoli and Corynebacterium flaccumfaciens. ZAUMEYER, 
W. J. A _ bacterium tentatively identified as Bacterium 
herbicola that showed antibiosis against a number of bac- 
terial plant pathogens was isolated from bean _ leaves 
infected with X. phaseoli collected in Colorado and 
Nebraska in 1954. What appeared to be the same organ- 
ism had been isolated previously from beans from these 
states. B. herbicola may be mildly parasitic on beans 
but no positive symptoms have been observed. It pro- 
duced inhibition zones of varying widths when streaked on 
agar plates seeded with the following plant pathogens: 
X. phaseoli, X. phaseoli var. sojense, X. pruni, X. ricinicola, 
Pseudomonas phaseolicola, P. lachrymans, P. sesami, P. 
glycinea, Corynebacterium flaccumfaciens, Erwinia caro- 
tovora, and E. atroseptica. Beef-broth cultures of X. phaseoli, 
or C. flaccumfaciens, plus B. herbicola incubated for 7 days 
at 28°C produced no infection when used for the inocula- 
tion of greenhouse-grown beans, whereas the pathogens 
grown alone in broth produced typical infection. Cultures 
of these 2 pathogens grown alone for 2 days then seeded 
with B. herbicola and incubated for 5 days produced no 
infection on beans, whereas the pathogens grown alone in 
broth for the same period produced infection. When the 
same procedure was followed with P. phaseolicola, infection 
on beans was not inhibited but disease severity was reduced. 























THE Cost PER UNIT 


The efficient use of fertilizer to lower unit cost of production is 





sound economics for the farmer at any time. It becomes doubly impor- 
tant in a situation of declining farm prices. Continuing research on all 
of the factors involved in the use of plant food to lower unit costs of 
food and feed production should do much to strengthen Agriculture’s 


position in our National economy. ! 
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TRIARCH PRODUCTS 
FINE MICROSCOPE SLIDES FOR DISCRIMINATING BIOLOGISTS 





As we prepare and sell only microscope slides, we are able to give you 


better quality, better service and better prices than you can get elsewhere. 


Remember, TRIARCH means ACCURACY, DEPENDABILITY, SERVICE | 
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NEWS 


Congratulations to E. E. Clayton who was awarded an 
honorary Doctor of Science Degree by the North Carolina 
State College during Commencement on May 29. Dr. Clay- 
ton, formerly in charge of tobacco breeding and disease 
work for the U.S.D.A., was cited for his outstanding con- 
tributions in tobacco breeding and disease research leading 
directly to the development of disease resistant varieties 
which have meant so much to growers and the economic 
welfare of North Carolina and other tobacco growing states. 
Disease resistant varieties which Dr. Clayton has been 
instrumental in developing, now planted on more than 
250,000 acres in North Carolina alone, are returning 
millions of dollars in increased profits to growers each 
year. Without these improved tobacco varieties, profitable 
tobacco production on thousands of disease-infected farms 
would be impossible. On the evening of May 28, prior to 
Commencement, Dr. and Mrs. Clayton were entertained 
by friends and co-workers from Experiment Stations, 
industry and farm groups with a banquet on the North 
Carolina State College Campus. 

After 25 years of service as Chairman of the Depart- 
ment of Plant Pathology at the University of Wisconsin, 
Dr. G. W. Keitt has requested that he be relieved of 
administrative duties. He will continue teaching and 
research. Dr. Glenn S. Pound has succeeded Dr. Keitt 
in the chairmanship. 

The C. R. Orton Memorial Loan Fund is being estab- 
lished at West Virginia University in memory of Dr. Orton. 
The fund is being raised through contributions from his 
many friends and associates. 


Eaitor: K. W. 


New fungicide treatment 
protects Potato Seed Pieces! 


PHYGON-XL 


controls rot up to 30 days 


PHYGON-XL is one of the most economical and 





effective fungicides for destroying the fungi 
which attack unprotected seed potatoes in the 
ground. Phygon gives you better stands, higher 


yields, higher quality. Seed pieces won't rot up 


Plant Pathologist G. B. Sanford recently retired ag 
Pathologist-in-charge, Science Service Laboratory, Edmon. 
ton, Alberta, Canada. He has been succeeded by Dr, L, 
E. Tyner. 

The Canadian Phytopathological Society held jts 
18th Annual Meeting in conjunction with the Agricultura] 
Institute of Canada, June 20-23 at the University of Alberta, 
Edmonton. Membership in the Canadian Society totals 
232 and many of its members are also affiliated with our 
Society. Officers for 1955-56 are: W, F. Hanna, President; 
R. E. Fitzpatrick, Vice-President; D. S. MacLachlan, See. 
retary-Treasurer; W. C. Broadfoot and F. Godbout, Coun- 
cilors. The 1956 meeting will be held in Toronto, Ontario, 

Emeritus Professor of Plant Pathology is the new 
title for Walter S. Beach who retired July 1 after 37 years 
of service as Professor of Plant Pathology at Pennsylvania 
State University. Dr. Beach conducted research on diseases 
of vegetables, mushrooms, tobacco, and turf grasses, 

Phytopathologist Otto A. Reinking, Foreign Agricul- 
tural Advisor, F.O.A, returned in March 1955 from the 
Philippines after a five month tour of the Abaca (Manila 
hemp) mosaic disease situation. Dr. Reinking was re. 
called to review the Abaca mosaic program and to evaluate 
the Abaca industry in relation to the disease and rehabili- 
tation program. Since 1950 he has served as a consultant 
on the program and was given a Superior Service Award 
by the U. S. Department of Agriculture for his mosaic 
control campaign. Dr. Reinking retired from the Govern- 
ment Service in June. 


Kreittow, Plant Industry Station, Beltsville, Md. 


to 30 days after treatment, hence planting can 


hast 





be delayed in case of rain. 
Phygon-XI? is today’s cheapest, most effective 
organic fungicide for the control of fungus dis- 


eases on fruit trees, row crops and ornamentals. 
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Division of United States Rubber Company 
Naugatuck, Connecticut 


producers of seed protectants, fungicides, miticides, insecticides, growth retard- 
ants, herbicides: Spergon, Phygon, Aramite, Synklor, MH, Alanap, Duraset. 








